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ABSTRACT

Field Programmable Gate Arrays commonly called FPGA's are the newer generation of
field programmable devices and offer more flexibility in the logic modules they incorporate and in
how they are interconnected. The flexibility, the number of logic building blocks available, and
the high gate densities achievable are why users find FPGA's attractive. These attributes are
important in reducing product development costs and shortening the development cycle. The
aerospace community is interested in incorporating this new generation of field programmable
technology in space applications. To this end a consortium was formed to evaluate the quality,
reliability, and radiation performance of FPGA's. This report presents the test results on FPGA
parts provided by ACTEL Corporation.
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ACRONYMS
AC alternating current
ASIC Application Specific Integrated Circuit

BPSG borophosphosilicate glass
DPA destructive physical analysis

FPGA Field Programmable Gate Array

I/0 input/output

IOL current output low

LET linear energy transfer

mA milliamps

MeV million electron volts

PIE post-irradiation effects
PIP Parts Information Program
SEE single event effects

SEM scanning electron microscope
SEU single event upset

TID total ionizing dose

TPHL transition propagation delay high to low

TPLH transition propagation delay low to high

vi



FPGA REPORT

SECTION 1.0
GENERAL






FPGA REPORT

1.1 BACKGROUND

ACTEL Corporation's Field Programmable Gate Arrays (FPGA's) have been of interest to
the aerospace community for the last two years. The Electronics Parts Reliability Section of the
Jet Propulsion Laboratory started evaluating the ACT I A1010/A1020 (2-pm process) product
family only to discover that this series was to be discontinued. The new enhanced ACT II A1280
(1.2-pm process) family was to be the replacement and would provide higher density and an
attractive option to both JPL and the aerospace community. The early evaluations begun on the
ACT I continued to the ACT II family through a consortium that was formed between JPL,
Aerospace Corporation, TRW, and Hughes Space and Communication Division. This consortium
was a means to expedite the ACT II evaluation. Aerospace Corporation volunteered to perform
SEU testing, TRW would do transient dose rate, Hughes Space Division would do TID, and JPL
would do construction analysis, electrical characterization, life test, coordinate the activities, and
write the final report. ACTEL provided military temperature screened, unprogrammed parts to
the various consortium members for their evaluations. Besides the original consortium members,
other interested parties such as Applied Physics Laboratory (APL), Magnavox Electronic Systems,
and GE Astro Space were conducting radiation tolerance evaluations. Their findings are also
included in this report.

The information and knowledge obtained are the culmination of effort and successful
collaboration of the consortium and others. The test results and performance data retrieved
demonstrate the value of a consortium sharing information and thus reducing costs and schedules
for all.

1.2 INTRODUCTION

ACTEL-designed Field Programmable Gate Arrays (FPGA's) manufactured by
Matsushita Electronics Corporation have been evaluated for their suitability in space applications.
The FPGA's are manufactured on a commercial manufacturing process as opposed to a radiation-
hardened manufacturing process. A number of design and cost tradeoffs make the commercial
FPGA an attractive alternative to other ASIC technologies. The short design cycle and relatively
low cost are an immediate advantage. ACTEL's proven oxide-nitride-oxide antifuse reliability also
warranted looking at these FPGA's for space applications.

The areas of special interest and evaluation conducted by JPL and others included

metalization integrity, radiation tolerance from total dose damage, single event effects sensitivity,
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and device latchup caused from heavy ions. In addition a number of parts were put on life test.
They were examined using destructive physical analysis methods before and after 2000 hr of life.
From some of the data and analysis some lifetime predictions were made within the constraint of
design rules and particular application. Because the ACTEL FPGA is not manufactured on a
radiation-hardened process, it is important to review the results in light of the inherent
capabilities of the device and design with the current process technology. With this in mind, some
standard benchmark can be established to give the user some guidance for performance. The
results reported do not always agree because test methods and device configurations were not
identical. However, based on the data obtained and assimilated an expected level of behavior can
be predicted for the FPGA devices. It is up to the user to do further testing if needed to satisfy a
more stringent requirement. This report and its findings in general support the ACTEL FPGA
technology for some space applications and conditions.

The report is divided into four sections. The first section is the general section comprising
the general comments and conclusions by JPL. The remaining sections are a summary of the work
and supporting data for the A1020 (2-pm), A1280 (1.2-pm), and A1020A (1.2-pm) FPGA's. The
sources and authors for these summaries are referenced. The work was done independently yet
together completes the objective to evaluate the FPGA technology. The technical content of the
charts and graphs is presented exactly as taken from the sources. Interpretation is left to the

reader because the data were from limited sample sizes, which may not be statistically valid.

1.3 DESTRUCTIVE PHYSICAL ANALYSIS EVALUATION

The work done by JPL focused on destructive physical analysis for the A1020 (2.0 pm)
and 1280 (1.2 pm). Devices from these two FPGA technologies were examined in detail by cross-
section analysis of all materials and their respective thickness and interface pattern. The DPA
reports for the ACT I A1020 and ACT II A1280 are included as JPL PIP report Nos. 304 and
305. In general the die structures and measurements made from SEM photographs were in
agreement with information provided by ACTEL.

The only concern is the evidence of metal-2 thinning in a via step to metal-1 and in metal
step coverage in BPSG cuts to poly and silicon contacts. The measured thickness was 25% or less
of nominal metal thickness. This violates MIL-STD-883 Method 2018.3 paragraph 3.7.2. This
limited metal step coverage was seen in both the 2.0-pm and 1.2-pm technology and corroborated
by evaluation at TRW. The 1.2-pm technology is more aggravated because of the scaling effects of

metal and subsequent smaller via and contact sizes.
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In order to ascertain the reliability risk created by the step coverage, current density
calculations were done for single contacts. MIL-STD-883 allows a current density of less than
2.0E+05 A/cm? if the step coverage is 30% minimum for a geometry less than 1.5 pm. With this
current density limit no electromigration problems are predicted assuming nominal operating
conditions. The current density calculations done for the 2.0-pm technology showed the worst case
for a single contact is 1.06E+05 A/cm? with 23.5% step coverage. This does not meet MIL-STD-
883 but can be waived for some noncritical applications if the operating temperature is less than
90°C. The assumption being that by ACTEL's design rules a single contact is limited to 1 mA for
the internal transistors which are doing AC logic switching. Input and output transistors have
multiple contacts for current sharing and were not an issue. The 2-pm process electromigration
lifetime calculation approximates 10 years (at 125°C) and 70 years (at 90°C) for ttf o1 with a 50%
duty cycle. This is acceptable provided the 1-mA current limit assumption is valid. The 1.2-pum
process has a current density of 2.89E+ 05 A/em? (12.5% metal step coverage). The predicted life
is 1.5 years (at 125°C) and 10 years (at 90°C). The scaled technology is more at risk unless
operating temperatures are kept below 90°C. Note that ttf (1 indicates that 1 single contact or via
out of 10,000 will fail given a log-normal failure distribution.

1.4 RADIATION TOTAL DOSE

Total dose testing was done on the A1010 and A1020 (2.0-pm) devices. One reported result
for total dose is 150 krads (Si) with no functional and no post-irradiation effects (PIE) on
parametric failures within 7 days of biased anneal. Icc standby leakage, input leakage, and output
leakage demonstrated recovery to specification limits, or better. Other total dose tests have
reported up to 300 krads (Si) with no failures. There were no PIE evaluations with the higher
exposures. Based on the small sample size tested the A1010/A1020 devices are assured to 100 krad
(Si).

The A1020A (1.2 um) has shown functional failures between 100 krad (Si) and 200 krad
(Si). These devices have shown recovery of the dynamic operating leakage current within 24 hr of
anneal after 200 krad (Si) exposure.

The A1280 (1.2 pm) had functional failures at § krad (Si), 20 krad (Si), and 70 krad (Si)
at 0 hr of post-irradiation testing. Functional recovery varied from 1 hr with ambient anneal to 24
hr with temperature anneal. Icc static leakage reached levels as high as 150 mA after irradiation
with 125°C anneal. It is fair to state that the 1.2-pum device total dose results are less conclusive
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than those for the 2.0-um devices, and more radiation characterization is needed. It appears at
this time that the A1280 does not have much TID tolerance beyond a few krads.

1.5 SINGLE EVENT EFFECTS

The ACTEL A1010/A1020 (2.0-pm technology) and A1020A (1.2-pm technology) were
characterized for SEE. A ripple counter was configured by utilizing a number of ACTEL macro's
and 1/O's. The devices were bombarded with different heavy ion beams at variable flux. The
devices exhibited no latchup at LET < 120 MeV/(mg/cmz). The upsets have been detected at LET
> 22 MeV/(mg/cm2). The asymptotic cross section reported by APL was 2.3 x 106 cm2/bit. The
number reported by Aerospace Corporation was 1 x 104 cm?2/bit.

Another test of the 2-pum technology parts using a multiple twisted ring counter containing
up to 100 vulnerable bits showed an upset threshold at LET 2> 15 MeV/(mg/cmz). These results
were consistent at 100°C. It should be noted that the 2-pm technology uses only C-modules and
this explains why the SEU performance is more consistent.

The ACTEL A1280 (1.2-pm technology) was evaluated using C-modules and S-modules.
The measured effective LET is > 15 MeV/ (mglcmz) for the C-module and < § MeV/(mg/cmz) for
the S-module. It is fair to conclude that designé using the A1280 will have lower LET thresholds
compared to those using A1010/A1020. This limitation is the result of the S-modules.

1.6 ELECTRICAL CHARACTERIZATION AND LIFE TEST

The ACTEL 1020 was put on life test at T=125°C and Vee=5.0 V. It successfully passed
functional and parametric testing after 2000 hr. Some AC tests such as TPLH and TPHL failed
the 5-V test limit marginally on select pins. These AC failures may possibly be attributed to test
setup or fixture problems. An example of electrical characterization tests performed for the life
tests is given in Subsection 2.5.

The ACTEL 1280 was put on life test at T=125°C and Vee=5.0 V. It successfully passed
functional and parametric testing after 500 hr. The units were put back on test but further results
were not available for publication of this report. An example of electrical characterization tests
for life test is given in Subsection 3.5.

The ACTEL 1020A was put on life test at T=175°C and Vec =5.75 V. It successfully
passed functional testing after 2000 hr. It was shown that one parametric test (IOL) exhibited a
delta of between 12% and 18% of the original reading. This occurred on the majority of units and
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most device pins tested for IOL. All other parametrics tested demonstrated less than 5% change
throughout the life test. There was no failure analysis done on these parts to determine the
apparent cause of the IOL drift. Graphs for the IOL test characterization can be found in
Subsection 4.2.

1.7 CONCLUSIONS

The objective of evaluating the ACTEL FPGA's (manufactured by Matsushita) was to
determine their present capability and future potential for space applications. The ACTEL
technology and FPGA architecture are among many available to the aerospace community.
However the ACTEL products were chosen as having more radiation tolerance in earlier
investigations. Therefore a more thorough review and evaluation was warranted and now
successfully completed by the aerospace community.

Two important requirements for space application are product reliability and quality. To
evaluate these, there was examination of the manufacturing process using destructive physical
analysis methods. In addition product life tests were conducted. The life tests and DPA evaluation
were directed toward giving insight into whether the technology and product could meet the
stringent standards necessary for space applications. All space projects and designs will have
different part standards and requirements. But some minimum level of reliability must be assured
to be deemed acceptable by the aerospace community. The one concern as a result of the DPA is
the poor quality of metal step coverage. The A1010/A1020 (2 pum) is acceptable provided a 20%
minimum step coverage in contacts and vias is met by the manufacturer and the application
temperature is limited to 90°C. The A1280 (1.2 pm) and the A1020A (1.2 pm) are not
recommended at this time because mission lifetime is jeopardized due to possible electromigration.
Product life testing also showed evidence that some parameters may change. To insure against
these changes a delta criteria is recommended as part of the screening flow or life tests.

The radiation data collectively for the A1010/A1020 show the product to have an acceptable
TID tolerance for some space applications. The total dose achieved without any hard failures is at
or slightly above 100 krads (Si). SEU LET thresholds appear to be in the 15 to 25 MeV/(mg/cmz)
range. There was no latchup observed for LET < 120 MeV/(mg/cmz).

The A1280 is more vulnerable to SEU, because by design it is comprised of C-modules and
S-modules. The S-module LET threshold is less than § MeV/(mg/cmz). The total dose for the
A1280 is at 5 krads (Si), significantly less than that for the A1010/A1020. Further study of the
A1280 is needed to understand its limited performance.
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In summary we hope this report provides useful information to all space application users.
It was through the cooperation of all who participated and those who contributed information that
a much better understanding of the FPGA's performance as a radiation hard and reliable device
has been achieved.
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GE ASTRO SPACE SUMMARY REPORT
RADIATION TOTAL DOSE GRAPHS
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AEROSPACE CORPORATION SUMMARY REPORT

PRODUCT: CMOS FIELD PROGRAMMABLE GATE ARRAY

MANUFACTURING BY: MATSUSHITA

DEVICE: ACT1010/ACT1020 (2.0 micron); ACT1280 (1.2 micron)

EVALUATED BY: AEROSPACE CORPORATION

Ref. (1)Single Event Effects Testing Report by R.Koga

Ref. (2)Single Event Upset and Latchup Susceptibilities of Actel A1280 CMOS
Field Programmable Gate Array Report by R.Koga & S.J.Hansel

EVALUATIONS:
A1280 SINGLE EVENT UPSET (SEU) and LATCHUP SUSCEPTIBILITY

Data was taken on four devices each of which was programmed using four
sequential ring counters and four combinatorial ring counters. Each device module
was programmed as a multiple twisted ring counter using 60 D-type flip-flops.

All programming was accomplished with antifuse elements. The programming
was performed by ACTEL.

The test measurement was accomplished by by comparing the correct output signature
of an unexposed device to the device that is exposed to the ion beam. Each device
tested is exposed to a number of cycles while a sufficient number of output errors

is accumulated and recorded. During exposure the power supply current was also
monitored to detect latchup. SEU and latchup measurements were taken at room
temperature and at 100°C.

Test results show that nuil latchup results were measured at the effective LET's
ranging from 15 to 120 Mev/(mg/cm2). The SEU measurements were taken and
plotted as {(cm2/240 flip-flops) vs LET[MeV/(mg/cm2}]; See figure 3. Examination
of the data shows that C-modules are less vulnerable than S-modues for SEU.

At 100°C the results are identical.

A1010/A1020 SINGLE EVENT UPSET (SEU) and LATCHUP SUSCEPTIBILITY

The parts evaluated for SEU were exposed to Xe(603 MeV), Kr(380 MeV),Cu(290 MeV),
and Ar (180 MeV) ion beams. They were programmed as multiple twisted ring counters
each of which was 10 bits long. The A1010 and A1020 were programmed to hold four
and five ring counters which contained 40 and 50 vulnerable bits.

The test measurement was done similarly as described for the A1280.

Test results show that null latchup results were measured at the effective LET's

ranging from 15 to 120 Mev/{mg/cm2). The SEU measurements were taken and

plotted as {cm2/ 40 or 50 flip-flops) vs LETIMeV/(mg/cm2)}. From the data it is seen

that the A1010 and A1020 have similar susceptibilities. The test results at 80°C

and 100°C are nearly identical to those at room temperature. Nufl fatchup were measured
at effective LE{s ranging from 15 to 120 MeV/(mg/cm2). See figure 4 and 5.

Post SEU testing of antifuses at 100°C revealed some errors. However it is speculated
these errors were the result of using commercial devices rated and tested to 70°C.
There was also some indication of mishandling the parts after SEU testing.
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APPLIED PHYSICS LABORATORY SUMMARY REPORT

PRODUCT: CMOS FIELD PROGRAMMABLE GATE ARRAY

MANUFACTURING BY: MATSUSHITA

DEVICE: ACT1020 (2.0 micronland ACT102CA(1.2 micron)

EVALUATED BY: APPLIED PHYSICS LABORTORY

Ref: Internal Report "Electrical and Radiation Qualification Methods for Field
Programmable Gate Arrays in Space Applications™

EVALUATIONS:
SINGLE EVENT UPSET (SEU)

SEU sensitivity for the original 1020 and the scaled version {1020A) were

evaluated for cross-sections. Parts evaluated were programmed using 547 logic
modules in a chain of 262 flip-flops. Detection and counting would result if any upset
would occur in the chain. After an occurence a reset would be initiated.

Test results for both versions were consistent. The asymptotic cross-section

for both versions was 2.3 x 10E-6 cm2/bit. The threshold Linear Energy Transfer
for the 1020 was 25 MeV-cm2/mg while the threshold for the scaled version was
about 22 MeV-cm2/mg.

Actel 1020 SEU Results
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PARTS INFORMATION PROGRAM

ELECTRONIC PARTS RELIABILITY SECTION
PIP No.

JPLU

Jet Propulsion Laboratory DATE 7 Apr {1 1992

Caitorma Institute of Tecnnoiogy

SUBJECT:

Preliminary Product Analysis (PA) of ACT-1020B CMOS Field Programmable
Gate Array (FPGA) device manufactured by Actel Corp.

SUMMARY:

One ACT-1020B FPGA CMOS device in pin grid array (PGA) package was
submitted to the JPL LSI group for destructive product analysis. This PA
effort is a part of the JPL/NASA Quality Assurance Program for selection
and qualification of field programmable logic array devices considered
for use in flight hardware systems for the Earth Observation System (EOS)
and Cassini Missions. The evaluation results provide initial insight
into the quality of FPGA Si-chip materials structures, and identify
antifuse oxide/nitride/oxide (ONO) dielectric and poly structure of
programmable logic cell with fused and intact ONO patterns, as shown in
Figures 7d, 11b and 12b.

The FPGA chip top passivation utilizes two-level dielectric of nitride on
Si0,. The chip has two-level (Si- and cu-doped aluminum) metal
interconnections; metal-2 interconnects with metal-1, and metal-1
interfaces with poly and Si contacts. The chip intrametal dielectric is
a two-layer (unplanarized) Spin-on Oxide (SOG) on Low Temperature Oxide
(LTO). The chip two-pattern polysilicon is; gate-poly on thin gate
oxide, and PAL-poly on ONO. All poly patterns and thick field oxide are
covered by a thin nitride film prior to BPSG deposition. Local oxidation
is used for thick field oxide lateral isolation of FPGA cells and MOS
transistors. The device requires a single source 5.0 V supply. The
attached manufacturer’'s data sheets provide detailed information on
electrical and environmental functionality of the 10208 CMOS FPGA device.

SOURCE OF INFORMATION:

JPL LSI Engineering Group, Section 514, S. Suszko.

4-1716 or

FOR ADDITIONAL INFORMATION CONTACT: __Stefan Suszko EXT: 4-770%

APPROVED: oA bl

~ Grotdp Superwsor - LSI Engineenng Grcuo
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PIP 304 2

Overview of Package and FPGA Chip Optical and SEM Examinations:

Figures la through 12d are optical and scanning electron microscope (SEM)
photo views, which, together with captions, provide detailed examples for
identification and definition of FPGA 1020B Si-chip materials structures,
their interface integrity, and dimensions. See Table I.

1) SEM Examination of Chip Laterally Exposed Metal
Interconnections: Figures 2a through 4c show exposed metal-2
with good contact alignment to metal-1. Though there are
unusual metal-2 step features over SOG and LTO dips above metal-
1 contacts, these are not metal-2 to metal-1 contacts, as shown
in Figures 2d, 3d, and 4c. These metal-2 steps only replicate
unplanarized intrametal SOG and LTO over metal-1 contacts.

Figures 5a through 6d are scanning electron microscope (SEM)
photo views of exposed metal-2 and metal-1 interconnections

showing contact patterns and step coverage (after removal of
intrametal SOG and LTO).

Figures 7a through 7d are SEM photo views of exposed MOS
transistor cells with thin nitride film over field oxide, gate
poly patterns, and programmable array cells (PAL) poly patterns,
and exposed contacts to poly and Si (after removal of two-level
metal and interlevel dielectrics).

2) SEM Examination of Two FPGA Chip Cross-Sectioned Segments:
Figures 8a through 10b are SEM photo views which show cross-
sectioned details of metal-2 to metal-1 contacts, and metal-1 to
poly and Si contacts, and features of via cuts in BPSG for
metal-1 contact interface to poly and Si.

Figures 10c and 10d show identified details of poly gate length
and thickness structure with sidewall oxide for Lpp, and
effective channel length. A pattern of thin nitride film over
poly oxide and field oxide is identified in Figure 10d.

Figures lla through 12d show cross-sectioned details of PAL-cell
poly on ONO dielectric structure (at 0° and 90° cross-sectioned
segments) with intact ONO between poly and Si, and with fused
(programmed) poly to Si through 1000 A thick ONO dielectric, (as
in poly to Si buried contact).

For dimensions of materials structures on Si, and Si-chip, see
Table I.

Conclusions

Evaluation results of the Actel FPGA 1020B Si chip show evidence of
metal-2 thinning in via step coverage to metal-1 contacts, with 0.25 4m
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3 PIP 304

step coverage thickness, or 25% of nominal 1 pm thick metal-2 (Figure
8b). A similar thinning effect is also evidenced in metal-1 step
coverage in BPSG aperture cuts to poly and Si contacts; with minimum
metal-1 step coverage thickness of 0.2 um or «30% of the 0.85 um nominal
thickness as shown in Figures 8c through 9d. The thickness quality of
metal step coverage as shown in these figures does not meet the
acceptance criteria of MIL-STD 883C.

However, reliability data may be acceptable to pass this metal step
coverage in contacts for current density requirements according to
MIL-M-38510, as calculated by Mike Sandor of JPL (Ref: JPL

IOM S514-F-038-92, dated 2/14/92) Calculation of Current Density for Actel
2 pm Technology FPGA Devices. This FPGA technology is several years old
and the reliability data base on it is new and still evolving. See the
manufacturer's reliability report and data sheets for details of the
functional characteristics of this device. According to Actel
information, the first production run of 1020B FPGA devices started in
late 1989. For additional details, contact M. Davarpanah, JPL component
specialisct.

NOTE

The Actel data sheets for the ACT 1010/1020 FPGA chip refer to the fab-
process description for this device as "2 um". (See Data Sheet, Table 1).

However, JPL product analysis results of the FPGA device, with package
markings A1020 and chip logo ACT1020B, reveal and identify the poly gate
length of this chip to be approximately 1.4 um and the effective channel
length 1.24 um, as shown in Figures la, 1f, 10c, and 10d.

These dimensional results show the poly gate and effective channel length
fab-process more closely approximates 1.5 or 1.2 um, rather than the
2 pm definition.

This dimensional description and issue for Actel FPGA devices 1020,
1020A, and 1020B needs to be specifically identified in Actel’s

data sheets for each device type, together with corresponding package/lid
markings in terms of quality assurance specifying FPGA chip type in
ceramic package.

Procedure:

This evaluation was performed on one device in accordance with
MIL-STD 883C, Methods for Microcircuits.

The chip was extracted from its PGA package, backscribed and cleaved into
four segments.
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Two chip segments were used for lateral selective exposure and removal of
chip materials levels. The other two chip segments were prepared as
cross-section samples and examined for definition and identification of
chip materials layers on Si, their interface integrity and thickness
dimensions (see Table I). Optical and SEM examinations were performed
prior to and after each level of chip materials exposure, and X-ray
spectroscopic analysis was used for identification of chip materials
composition.

Table I. Physical Dimensions of ACT 1020B Die and Die Structures

Die/Die Structures Dimensions

1 Die material: Si and size =« 8.8 x 9.2 um
2 Die passivation: Nitride on SiO, « 1.2 um
3 Die metallization: Si-and-cu doped Al two-

level interconnect, metal-2 top and metal-1

bottom level
4 Metal-2 thickness « 1. um
5 Metal-2 step thickness in vias =« 0.25 pum
6 Metal-2 line width « 4, um
7 Metal-1 thickness = 0.85 oum
8 Metal-1 step thickness in BPSG apertures « 0.2 um
9 Intrametal dielectric SOG on LTO (not

planarized) thickness « 0.65 pum
10 BPSG thickness = 0.75 um
11 Thin nitride thickness on field oxide « 800. A
12 Field oxide thickness = 0.75 pum
13 Gate poly thickness « 0.35 um
14 Poly gate length = 1.45 pum
15 Effective chan-length =« 1.24 pum
16 Gate oxide thickness « 250. A
17  ONO thickness « 1000. A
18 PAL-poly thickness = 0.35 um
19 Contact dia to poly and Si « 2. um

NOTE: The chip materials dimensions were derived from SEM photo figures
using the SEM calibration reference line and magnification factor.
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SEM PHOTO VIEWS OF EXPOSED METAL-2 ONLY
(TOP NITRIDE AND SiO, REMOVED).

Figure 4a.
& 2kX flat view of metal-2
line widths with minor
wedge defects in metal.

MINOR WEDGE
DEFECTS IN
METAL LINES

00

Figure 4b.

3kX flat view of metal-2
line width with minor
wedge defects.

[A]8]

AUTEL-MIT Pul 19220-8  10kx 550 Figure 4c.

10kX side view of metal-2
step over SOG and $i02 step
of metal-l contact.

METAL-2 OVER SOG
AND SiO, OF
METAL-1 CONTACT

SOG AND SiO;
METAL-1
CONTACT
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SEM PHOTO VIEWS OF EXPOSED METAL-2 AND METAL-1
(INTRAMETAL DIELECTRICS REMOVED).

EXPOSED METAL-1
WITH CONTACTS
TO Si

METAL-2 CONTACT
TO METAL-1

Figure 5a. 2kX side view of metal-2 step
coverage and contacts to metal-l.

LINE WIDTH
=4 um

[ o~ BB EXPOSED METAL-1

METAL-2
CONTACT
TO METAL-1
METAL-2 STEP OVER
EXPOSED METAL-1
WITH INTRAMETAL
SOG AND LTO
METAL-1 REMOVED
CONTACT
TO Si

Figure 5b. 5kX side view of metal-2 step
coverage features and contact
to metal-1.
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| ACT™ 1010/1020
Reliability Report

By Steve Chiang
and
Ken Hayes

m—

ACT™ 1010/1020 devices are 1200- and 2000-gate (respectively)
field programmable gate arrays (FPGAs). The programming
clement is an Actel-invented PLICE™ (Programmable
Low-Impedance Circuit Element) antifuse. An antifuse is a
normally open device in which an electrical connection is
established by the application of a programming voltage. Although
ACT 101071020 products are one-time programmable devices,
their unique architecture features complete functional testability.

The ACT 1010/1020 device is processed using a standard 2 pm,
double metal, CMOS process to which three additional masking
steps have been added to implement the PLICE antifuse. A
description of the main process parameters is shown in Tabie 1.
Because ACT 1010/1020 devices are manufactured with a
conventional CMOS process, normal CMOS failure modes will be
observed. However, the addition of the antifuse adds another
structure that could affect the device's reliability.

Actel has completed numerous studies in order to quantify the
reliability of the antifuse. These studies lead to the conclusion that
the time to failure of the antifuse is substantially more than 40 years
under normal operating conditions and that the combined
contribution of all antifuses to the gate array product’s hard failure
rate is less than 10 FITS (Failures-in-Time or 0.001% failures per
1000 hours).

Table 1. ACT 1010/1020 Process Description
CMOS, 2 um, double metal, dual polysilicon, dual weil. EP! water.

Dimensions

Wwidth Space
N+ 4.0 um 20um
P+ 40 20
Cell Polysiiicon 1.6 3.6
Gate Polysilicon 16 24
Metal | 4.0 20
Metal |l 42 28
Contact 18x18 2.0
via 20x20 20
Thickness
Normai Gate Oxide 25 nm
High Voltage Gate Oxide 40
Cell Polysilicon 35
Gate Polysilicon 40
Metal | 80
Metal 1! 100
Passivation 1100
Composition
Metal | 98% Al. 1% Si. 1% Cu
Metal |i 98% Al, 1% Si, 1% Cu
Passivation 300 nm Si0,, 800 nm SiN

PLICE Antifuse Reliability

The antifuse is a vertical, two-terminal structure. It consists of a
polysilicon layer on top, N+ doped silicon on the bottom, and an
ONO (oxide-nitride-oxide) dielectric layer in-between. A Scanning
Electron Microscope (SEM) cross-section of the antifuse is shown
in Figure 1. On the ACT 1010/1020 device, the size of the antifuse is
1.8 pm? This small size, along with a low programmed
on-resistance, typically 500 Q. makes the PLICE antifusc a very
attractive alternative to EPROM, EEPROM, or RAM foruseas a
programming element in a large programmable gate array. Inthe
unprogrammed state, the resistance of the antifuse is in excess of
100 M. The ACT 1010 and ACT 1020 contain 112,000 and
186,000 antifuses respectively. However, typical applications
utilizing 85% of he available gates require programming only 2%
to 3% of the available antifuses.

A\, - g IRV

Antituse Diffusion
= 3 PN

JEPRDIEREI

e

Figure 1. SEM Cross-Section of Antifuse

The Unprogrammed Antifuse

In order to evaluate antifuse reliability, Actel has developed
models and collected data for both unprogrammed and
programmed antifuses” 1. We'll consider the unprogrammed
antifuse first. Since the antifuse is a dielectric sandwiched between
polysilicon and silicon. the model for its reliability. in the
unprogrammed condition. is the same as that used to evaluate
reliability of MOS transistor gate oxides. The parameter we wish to
evaluate is the time to breakdown (lug) of the dielectric. This
parameter is a funcuon of the electric field across the dielectric as
well as temperature and has the following relationship’

D 1991 Actel Corporation

April 1990

58



Hofs/

19

PIP 304

(8))

where tyg is the time 10 breakdown 1n seconds. lo1s a constant. E 18
the electnc field in MV/em, and G is the field acceleration factor in
MV/em (G 1s a functon of temperature).

By taking the log of both sides of equation 1 we have:

e = L+ exp (G/E)

In (teg) = G - (VE) + In (t)

From expenmental data, we can plot the log of the ume 1o
breakdown of the antifuse at various temperatures versus the
reciprocal of the electnc field across it and derive G from the slope
and i from the Y axis intercept. Actel has done this both on large
antifuse capacitors and on arrays of 28.000 antifuses. An exampie 1s
shown in Figure 2. From this we have denved a value for G of 510
MV/em and a t, of 1 x 107* seconds. Also note the difference
berween the data at 25°C and 150°C.

LN (Time 1o breakdown in seconds)

; |
1 ?/ ‘ ‘ ’ B 150°C » 25°C
L IR
76 78 [ ] 1.;),5 (cﬂl‘;Mv, LE ] [ X} ]

Figure 2. Field Acceleration of Antituse (0.04 mm? Area Capacitor)

In order to quantify the temperature-dependence of the time to
breakdown, we use the Arrhenius equation to determine the
reaction rate (or semiconductor failure rate) of a given process
(failure mode) over temperature:

R = Ry . expt-E1D &)

where R is the reaction rate. R, is a constant for a particular
process, T is the absolute temperature in degrees Kelvin, k is
Boltzmann's constant (8.62 x 10 eV/*K), and E, is the activation
energy for the process in electron volts. To determine the
acceieration factor for a given failure mode at temperature T, as
compared with iemperature T, we use equation 3 to derive:

ATy Ta) = exp [- (BK) - {(UTy) - (UTy)})

where A is the acceleration factor.

For a given time 1o breakdown of a dielectric, the expression,
E. = k. dIn (ta¥d (VT) (5)

grves us the activation energy®. The field acceleration factor, G, s
also temperature-dependent, i.e.

O

®
where 8 (in eV) characterizes the temperature-dependence of G.
E. can be related to G (T) by:

G(M) =G - [1+ 8k.{UT - 11298))

E,=G.8E-E, &)

where § and E, are treated as fitting parameters berween E,
and G.

From the data shown in Figure 2. as well as data on test arrays of
28,000 antifuses, we have denved a value for E,of 0.2eV. This vaiue
of E, = 0.2¢V isfor a very high E field of 11 MV/em, or 10V across
the antifusc. With 5.5 V, the E field is about 6 MV/em and E.is
approximately 0.6 ¢V. Values of § and E, were found from
equation 7 to be 0.01 eV and 0.24 eV, respectively.

By combining equations 1, 5, 6, and 7, we obtain an overall equation
for the time 1o breakdown for a given temperature and E field:

foa = o - &xp {(G/E) [1 + (B/K) - (UT - 1/298)] - (Ev/k) -

(T - 1/298)} ®

2-2
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By applying the values for the constants as defined above, the time
10 breakdown for the antifuse dielectric can be derived for a given
temperature and electric field. In Table 2, we have used equation 8
10 solve for the acceleration factors associated with powering up a
device at high voltage and/or temperature and comparing the
failure rate with more typical voltages of temperatures. We cansee
the effect of temperature by comparing 125°C at 5.5V with§5°Cat

(HTOL) later in this report.

5.5V in which the Actel model (equation 8) gives us an acceleration

Table 2. Acceleration Factor vs. Operating Conditions (Unprogrammed Antifuse)

o= 1x10°10%. G = 510 Mv/icm, 8 = 0.01 eV

factor of 36, or 4.1 cquivalent years for a 1000-hour burm-in at
125*C. Note that this acceleration factor of 36 is close to the value
of 41.8 derived from the Arrhenius equation (equation 4) using an
activation energy of 0.6 ¢V and the same temperatures. We use 0.6
eV as a general semiconductor failure mode activation energy
when calculating failure rates from high-temperature operating life

Temperature/Voltage Equivalent Years
Acceleration for 1000-Hour
Model High Typlcal Factor 125°C Burn-in
125°C/55V §5°C/55V 36.0 4.1
Fixed Voltage 125°C/5.5V g5°C/55V 39 04
25°C/5.5V 25°C/5.25V 487 56
Fixed Temperature 25°C/5.75V 25°C/5.25V 1692 193.2
25°C/5.75V 25°C/5.5V 347 40
125°C/55V §5°C/5.25V 1526 174.2
varied Temperature and Voltage 125°C/5.75V §5°C/5.5V 883 100.8
125°C/575V 95°C/5.5V 96.5 1.0
Fixed 0.6 oV 125°C/55V §5°C/55V 418 48
{Activation Energy). 125°C/5.5V 95°C/55V 42 0.5
Vottage-independent

We can also see from Table 2 that a small change in voltage is a
much more effective reliability sereen for the unprogrammed
antifuse than is a change in temperature. For example. if we
compare 25°Cat5.75V 10 25°C at 5.25 V we see thatjusta haif volt
change yields an acceleration factor of 1692. or 193.2 equivalent
years per 1000 hours at 5.75 V. This strong dependence on voltage
allows Actel to screen out antifusc infant mortality failures during
normal wafer sort testing at Actel simply by performing a special

test in which a higher than normal voltage is applied across all

antifuses. Because antifuse infant montality failures can be detected

Test devices were stressed by forcing a constant 5 mA current from
polysilicon to N + diffusion through the antifuse at 250*C. Note
that this stress is far greater than what a programmed antifuse
would see in a device operating under normal conditions. Because
the antifuse is used to connect two networks together, there is
usually no voitage across it. hence no current passes through. A
voitage will appcar across the antifuse only momentarily while a
network switches from low-to-high or high-to-low.

and cffectively screencd, ACT 101071020 devices have as high a

level of reliability as standard CMOS processed products.

Actel has collected data on over 350 antifuse test dewvices
representing eleven wafer runs. From this data. we have D
determined that the contribution of the antifuse 10 overall device 3
reliability is less than 10 FITS. This conciusion is confirmed by the
reliability data taken on actual ACT 101071020 units which wil be

discussed later in this paper. N+
Dittusion D
The Programmed Antifuse " 2 ‘D
A Kelvin test structure as shown In Figure 3 was used 10 evaluate GND
refiability of a programmed antifuse. Here. a strip of polysilicon o

crosses an N+ diffusion. The anufuse is located at therr
intersection. There are metal-10-poly contacts at nodes 1and Jas
weil as metal-to-N + cuntacts at nodes 2 and 4 A four-terminal

Poly ——e= D

Kelvin structure 1s useful should a failure occur. because antifuse
vpens can be scparated from other problems (such as polysiliconor
contact opens) simply by checking for continuity on appropriate

pasrs of nodes.

Figure 3. Antifuse Kelvin Structure

60
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Durning the 5 mA, 250°C stress. the voltage across the antifuse was
monitored. Figure 4is aplotof the monttored voltage as 3 function
of stress me. A sudden increase in voltage indicates that an open
occurred. Ascanbescen from the figure. failures occurred at about
30() hours of stress. However, by probing on nodes 3 and 4 of the
Kelvin structure, we were able to measure continuity and
determine th t the antifuse. The failed

units were then examined on an SEM. where the causc of failure
was revealed as metal-to-poly contact electromigration. This 15 2
well-known failure mode in CMOS. which has been determined 10
have an activation energy of0.9eV. Using equation 4 we can predict
a lifetime under normal operating conditions iR €XCESS of 40 years
for this failure mode. The lifetime of the programmed antifuse 1s
even jonger.

at the cause of failure was no

250°C 5 mA Test

NERR

Voltage Across Antifuse

SRS

Antituse Acceterated Lifetest

RN

2
24 48 72 96 120144 \umzmmmmmzmwwmm 456
Etapsed Time {Hours)

igure 4. Voltage Across Antifuse versus Stress Time

//":”//,

ACT 1010/1020 Device Reliability

Device reliability was evaluated
PROM (PROM64), 8

on four Actel products: 3 64K
300-gate FPGA (1003). a 1200-gate FPGA
(ACT 1020/1020A).
The PROMG64 product uses the same process and antifuse as the
ACT 1010/1020. The 1003 is 2 test device, a smalier version of the
ACT 1010/1020, which was used for early charactenization and

qualification. The ACT 1010A and ACT 1020A are 20% linear dic
shrink versions of the ACT 1010 and ACT 1020, respectively. The
PROMO64 units were packaged in 24-pin side-brazed packages; the
FPGA units were 1n 68- and 84-pin JLCC (ceramic J-leaded chip
carners) and PLCC (plastic-leaded chip carriers) packages.
Package charactenstics for ACT 1010/1020 devices are shown 1n
Tabie 3.

2-4
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Table 3. ACT 1010/1020 Package Characteristics

PLCC

Molding Compound Sumitomo 6300 H

Filler Material Fused silicon 70% by weight

Lead Frame Material Copper

Lead Plating Composition Tin or soider. 300 to 800 micro inches (uin)

Die Attach Material Silver Epoxy

Die Coat Dow Coming Q14939 silicon gel

Bond Wire Gold. 1.3 mil diameter

Bond Attach Method Thermosonic

JLee

Body Material Ceramic

Lict and Lead Material Alloy 42 with minimum 60-yin goid plate

Bond Wire 99% Aluminum, 1% Si, 1.25 mil diameter

Bond Attach Method Ultrasonic

Thermal Resistance (°Crwan)

Package 44 PLCC 44 JLCC 68 PLCC 68 JLCC 84 PLCC 84 JLCC 84 PGA
0,c 15 5 13 5 12 5 8
6a 52 38 45 35 44 34 35

High Temperature Operating Life (HTOL) Test

The intent of HTOL is to dynamically operate a device at high
lemperature (usually 125°C) and extrapolate the failure rate to
typical operating conditions. This test is defined by Military
Standard-883 in the Group C Quality Conformance Tests. The
Arrhenius relationship in equations 3 and 4 is used to do the
extrapolation. To use the Arrhenius equation, we need to know the
activation energy of the failure mode. Activation energies of
antifuse failure modes were discussed earlier. Table 4 gives the
activation energies of general semiconductor failure modes.

Table 4. Activation Energy of CMOS Failures

Failure Mechanism Activation Energy

lorme Contamination 1.0 eV
Oxide Defects 03ev
Hot Carrier Trapping in Oxide -0.06 av
(Short Channels)

Silicon Defects 05 ev
Aluminum Eiectromigration 05ev
Contact Electromigration 09 ev
Electrolytc Comrosion 0.54 ev

Six different data patterns were programmed into the 64K PROMs
for HTOL tesung: a diagonal of zeros (98% programmed). a
diagonal of ones (2% programmed); a 1opological checkerboard
pattern (50%); ail zeros (100%%); allones (0%); and an incrementing
pattern (50%). During burn-in. all addresses are sequenced
through ata | MHz clock rate. The outputs are enabicd and loaded
with 4 100 ohm resistor 102 2 V supply. This resuits in an output

loading of equal to or greater than the data sheet specified limits of
lon = -4 mA and Iot = 16 mA. In most cases, the PROMs were
burned-in at Ve = 5.5 V, 125°C. However, voltage acceleration
experiments were also done at 7 V, 125°C aswell as at 8 V, 25°C.

The PROM is useful for antifuse refiability studies for several
reasons. First of all, we can program anywhere from 0% 0 100% of
the antifuses although we program only 2% to 3% of the antifuses
for a given design on the ACT 1010/1020 device. Also, an antifuse
failure on the PROM is very noticeable, since the antifuse is
directly addressed. A weak antifuse would show an AC speed drift,
and a failed antifuse would read the wrong data.

To evaluaie the ACT 1003/1010/1020 devices. we programmed an
actuai design application into each device and performed a
dynamic burn-in by toggling the clock pins at a | MHz rate. The
designs selected utilized 85% 10 97% of the available logic modules
and 85% 10 94% of the I/Os. Outpuis were loaded with 1.2 kQ
TESISIONs 10 Vpp resuiting in greater than 4 mA of sink current as
cach /O toggled low. Under these conditions, each ACT 1010
typicaily draws about 100 mA during dynamic burn-in, Most of this
current comes from the output loading while about 5 mA is from
the device supply current. The thermal resistance (junction to
ambient) of the 68- and 84-pin PLCC packages 1s about 45°C/Watt:
for the JLCC packages it is about 35°C/Watt. For a 125°C burmn-in,
this results in junction temperatures of about 150°C for plasnc
packages and 145°C for ceramic packages. Most burn-in was Jdone
at3.75 V (for voltage acceleration of the antifuse) and 125°C. Some
data was taken at 5.5 V. 125°C and at 5.5 V. 150°C.

Asummary of the HTOL data collected by Actel is shown 1n Table
5. A failure 15 Jefined as any device which shows a functional
falure. exceeds data sheet DC limits. or exhituts any AC speed
dnft. Among the parnts tested. no speed drift, faster or siower, was

62
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observed within the accuracy of the test set-up. Failure rates at
§3°C and 70°C were extrapolated by using the Arrhenius equation
and a general actvation energy of 0.6 eV Poisson statistics were
used to denve a calculated failure rate with a 60% confidence level
Use of Poisson statstics is vahid for a failure rate which is low anda
failure mode which occurs randomly with ume At 55°C. the
caiculated failure rate with a 60% confidence level was found 10 be
33 FITS (0.0033% failures per 1000 hours) This number was
denived from over 2.2 mitlion device hours of data

Table 5. HTOL (High Temperature Operating Lite) Test

Both of the obscrved failures were normal CMOS failures and were
not caused by the anuifuses. The 1003 device favied after 80 hours at
150°C. The unit was functional but had hugh Ipp current (40 mA v»
4mA typical). Liquid crystal analysis revealed a hotspot outside the
antifuse area of the chup. The other failed umit was nonfunctional.
with a high Ipp current of about 40 mA. This unit failed afier S00
hours at 125°C. Both failures are beheved to be the results of
junction degradation or silicon dcfects

Equivalent Equivalent
Device Hours Device Hours Device Hours
Device Units Runs at 125°C Fallures at 55°C (0.6 V) at 70°C (0.6 oV)
PROMB4 275 4 568.000 0 23 .8 Million 9.4 Milhon
1003 JLCC 238 3 359,400 1 150 58
1010 JLCC 144 6 283.000 0 118 47
1020 JLCC 61 2 90,000 0 38 15
1020A JLCC 69 2 69,000 0 29 1.1
1010 PLCC 496 6 844,000 1 353 140
1020 PLCC 32 2 48.000 [ 20 08
Totals: 1318 20 2,261,400 2 94.6 Million 37.4 Million
Summary:
Observed FITS at 55°C: 21
Observed FITS at 70°C: 53
Calculated FITS to 60% confidence at 55°C: 3
Calculated FITS to 60% confidence at 70°C: 83

(Summary of Data as of February 20 1990}

Unblased Steam Pressure Pot Test

This test is used to qualify products in plastic packages. Units are
placed in an autoclave (pressure pot) and exposed to a saturated
steam atmosphere al 121°C and 15 psi. Problems with bonding.
moiding compounds, or wafer passivation can cause metal
corrosion o occur in this atmosphere. Metal corrosion is detected
duning a full electrical test of the device following exposure 10 the
autoclave environment.

Table 6. Unbiased Steam Pressure Pot Test

A total of 426 units from five wafer runs and six assembly lots were
used. Read points were taken at 96, 168. and 336 hours There were
a total of four failures (Table 6). All four failures werc caused by
bond wires lifting off bond pads. This was 2n assembly problem
that occurred only on our first lot of plastic units. The failures were
caused by high temperature, not by metal corrosion. The assembly
problem was corrected, with no further failures observed.

121°C, 15 psi
Number of Fallures
Product Run Number Package Number of Units 96 Hours 168 Hours 336 Hours
1010 JB13 84 PLCC 34 0 3 0
1010 J813 68 PLCC 71 1 0 (4]
1010 JB14 68 PLCC 7 0 0 0
1010 JB22 68 PLCC 7 0 0 0
1010 J827 68 PLCC 50 4] 0 0
1010A Ti24 68 PLCC 129 0 0 0
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Blased Moisture Life Test (85/85)

In this test, the units are placed in a chamber at a tempcrature of
85C and a relative humidity of B5%. A voltage of 5.5 V is applicd
to every other device pin while other pins are grounded. 5.5 V is
applied to Vpp while Vs is grounded. This test is cffective at
detecting die related and plastic package related problems.

Table 7. Blased Moisture Life Test

As shown in Table 7, a total of 288 units were stressed. There were
three failures. One failure was caused by two lifted bond wires: it
was from the same lot in which we saw failures in steam pressure
pot test. The second unit was functional but had high Ipp current.
The 1000-hour failure was nonfunctional.

85°C/85% Humidity with DC Altemate Pin Bias of 0V 10 5.5 Vv

Number of Failures

Product Run Number Package Number of Units 500 Hours 1000 Hours 2000 Hours
1010 JB13 68 PLCC 80 2 1 0
1010 JB14 68 PLCC 81 0 0 s}
1010 Je2 68 PLCC 54 0 0 -
1010 JBaze 68 PLCC 54 0 0 -
1010 4827 68 PLCC 19 [+] [+] -

Temperature Cycling
This test checks for package integrity by cycling units through
temperature extremes. For ceramic packages. the range of

Table 8. Temperature Cycling Test
-65°C to 150°C Ceramic; 0°C to 125°C Plastic

temperature is -65°C to 150°C. For plastic packages. the range is
0°C to 125°C. Both programmed and unprogrammed units arc
placed on temperature cycle. Data on 451 units is summarized
in Table 8.

Failures
Product Run Number Package Number of Units 100 Cycles 200 Cycles 1000 Cyciles

1010 Ja13 68 PLCC 158 0 - 0

1010 JB14 68 PLCC 28 0 - ]

1010 JB26 68 PLCC 2t 0 - o]

1010 Jazs 68 PLCC N 0 - 0

1020 JB22 84 PLCC V4 0 - 0
1010 1077 84 JLCC 20 [¢] 0

1020 J833 84 PGA 25 0

1010A Ti24 68 PLCC 176 o] - 0

Other Tests grounded. and all other I/Os grounded. Thus each pin received a

Electrostatic Discharge (ESD)

Units were tested for sensitivity to static electricity by using the
human body model! as described in MIL-883C (100 pF discharged
through 1.5 k). Fifteen ACT 1010 units from three wafer runs
were tested. Nine representative 1/0 pins were checked on each
device. Since all 1/0 pins have the same layout on the chip, the nine
pins tested were selected based on their proximity 10 Vss, Vpo. or
the corner of the chip. The MODE pin was also tested because 1t is
the only dedicated input on the chip. In addition. the three power
supplies (Vss, Vob. Vee) were tested. Three positive and three
negative pulses were discharged intoeach pin tested at eachvoliage
level. For inputs and [/Os. these six pulses were applied with three
different grounding condinons; Vs only grounded. Vopp only

total of eighteen pulses for each test voitage. Testing began at 1000
V and continued in 500 V increments. After pulsing was completed
at each voltage. the 1-V characteristic of each pin was checked on a
digrtal curve tracer. Any significant change in the [-V curve from
the previous reading was considered a failure. The umits were then
tested on a VLSI tester. Leakage currents were datalogged at 0 V
and 5.5 V. Any pin showing more than 250 nA of leakage current
was also considered to be a failure. For Ipp, a change of more than
250 uA was cause for rejection. No failures occurred through 2000
V. At 2500 V. five of the fiflteen umits failed on at least one pm
Failure analysis revealed that the failures occurred on the
N-channet pulldown transistor of the output drniver. With no
failures through 2000 V testing, the ACT 1010 (and the ACT 102
by virtue of identical 1/O layout to the 1010 device) met the
requirements for the 2000 V ESD category of MIL-883C.
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Latch-up

Latch-up 15 a well-known cause of failure in CMOS circuits
Parasitic bipolar transistors are created by the P-channel transistor,
the N-channel transistors, the N-well, and the P-substrate. These
transistors are connected in a manner which effectively creates an
SCR. If a voltage on an external pin were 10 forward bias 1o the
substrate. the parasitic SCR can be latched to the on state, creating
alow-impedance path between Vpp and ground. A large amount of
current then flows through this path. This current can, at best,
make the device temporarily nonfunctional and. at worst, cause
permanent damage.

Several techniques are used by CMOS designers to reduce the
chance of latch-up. One of the most common techniques is the use
of guard rings to 1solate P-channel and N-channel transistors. The
disadvantage of this method is that it requires additional silicon die
area. Another method is to use a substrate bias generator. Creating
a negative substrate bias means thal an input must go even more
negative 10 cause latch-up. A third technique is to use EP] wafers to
achieve low substrate resistance. which lowers the chances of
triggering latch-up. Actel designers use both guard ring and EPI
wafer techniques for ACT 1010/1020 devices.

The latch-up test method used is defined by JEDEC Standard No.
17. Each I/O pin on a tested device was forward biased in both
directions (1o Vg5 and Vpp) by forcing negative and positive

currents ranging from =50 mA to 2250 mA in 50 mA increments.
Foliowing each stress, the device Ipp current was measured. If the
current exceeded the data sheet hmi of 10 mA. the unit would be
rejected. The device was also functionally tested.

Fifteen units from three different wafer lots were tested. Testing
was done both at room temperature and at a worst case
temperature of 135°C. All device I/Os and power supplies were
tested. No failures were detected through 250 mA.

Conclusion

The data presented in this report establishes the excellent
rehability of Actel ACT 1010/1020 devices. Both the Actel models
and the test devices show that the antifuse is highly reliable and that
it detracts negligibly from overall product rehabihty.

References

1) E. Hamay, et al, “Dielectric Based Antifuse for Logic and
Memory ICs.” IEDM paper, p. 786-783, 1988.

2) S. Chiang, et al, “Oxide-Nitrice-Oxide Antifuse Reliability.” To
be published, Proc. Int. Rel. Phys. Symp., 1990.

3) J. Lee, i-Chen, and C. Hu, "Modeling and Characterization of
Gate Oxide Reliability,” |IEEE Trans. of Elec. Dev., Dec. 1988.
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Recommended Operating Conditions

User 1/Os Parameter Milltary Units
Device Modules Gates|84 JOCC 68 JOCC 44 JOCC 84 PGA Temperature -3510 +125 oC
Range (T¢)
1010 295 1200 N/A 57 34 57 Power Supply o
Tolerance =10 %Vee
1C20 346 2000 68 57 34 69
Power Dissipation
Absoiute Maximum Ratings
Free air temoerature range The following formula is used 10 calculate 1otal device dissipation.
Symbol Parameter Umits Units Total Chip Power (mW) = 0.51 N*F1 + 0.17 M*F2 + 162 P*F3
Vec  DC Supply Vottage' 05t +7.0 Votts Where:
v, input Vottage 05t Vee +05  Voits F1 = Average logic module switching rate in MHz.
F2 = A lock 1 i .
Vo Output vortage 05w Ves 405  Vors verage clock pin switching rate in MHz
S F3 = Average VO switching rate in MHz.
Input Ci t =20 mA
I nput Clame —umen M = Number of logic modules connected to the clock pin.
lox Output Clamp Current =20 mA N = Total number of logic modules used on the chip.
lox Contnuous Qutput Current =25 mA (inciuding M)
Tec Storage Temperature 65 to + 150 o P = Number of ourputs used loaded with 50 pF.

Stresses peyond those listed under “Absolute Maxmum Raungs™ may

The second term, variables F2 and M. may be ignored if the
CLKBUF macro is not used in the design.

cause permanecn! damage 10 the device. Exposure 10 absolule maximum

rated conditions for extended penods may affect device reliability. Device
shouid not be operaled ouiside the Recommended Operatng Conditions.

Note:
1. Vpp = Vec. except dunng device programming.

DC Characteristics
Vs = 30V =10%. -35°C<Tcg -125°C

Symbol Parameter Test Conditions Group A Limits Units
Subgroups Min, Max.
. Voe = 45V ig = 4 MA -
Vo. Output Low Vohage Tast one OUDU at a tme 1,23 04 \Y
Vag = 45V Iy = -32mMA
Vo Outout Hign Voltage Test one OUtDUt at a tme 1.2.3 37 v
V. Input Low Level 1.2.3 -03 o) -}
Ve input High Level 1.2.3 2.0 Veg + .3 v
R ~ V:: =55VVN = Vcc or GND ~ -
las Standby Supply Current Ouputs unlioaded 1.2.3 25 mA
1. inout Leakage Current Voz = 55V Vg = Voo of GND 1.2.3 -10 10 yA
iz Outout Leakage Current Voz = 5.5V, Vour = Vgg or GND 1.23 -10 10 LA
Iz Output Short Circurt Current
Vo = Voo Test one output at a tme 1.2.3 20 140 mA
Vour = GND Veg = 45V for min. imit -10 -100 mA
Vzz = 5.5V for max. hmit
Switching Characteristics
V:: = 30V = 10%; -35°C< T: < + 125 °C
- Group A Limits .
Symbol Parameter Test Conditions U
ym aram ! Subgroups Min. Max. nits
tomz Binning Circun Detay
ACT 1010 Voz = 45V 9.10. 11 120 ns
ACT 1020 Ve =3VV, =0V 186 ns
Vour = 15V
1-30
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Functional and Switching Tests

ACT 1010 and ACT 1020 devices can be tested functionally by
using a senal scan test method. Data s shifted into the SDI pin. and
the DCLK pin 1s used as aclock. The darta is used to drive the inputs
of the internal logic and /O modules, allowing a complete
functional test to be performed. The ourputs of the modules can be
read by shifting out the output response. All units are tested for
functionality over the military temperature range. Group A
subgroups 7, SA. and 8B are tested in the same manner.

AC umung for logic module internal detays and pin-to-pin delays is
determined after place and route. The ALS Timer uulity displays
actual iming parameters for circuit delays. Since these delays are
design-dependent and cannot be tested on unprogrammed devices.
Actel tests for AC performance by measunng the input-to-output
delay of a special path called the “binning circuit.”

The binning circuit consists of one input buffer + n logic modules
- oneoutput butfer(n = 16 forthe ACT 1010: n = 28 for the ACT
1020). The logic modules are distnbuted aiong two sides of the
device. These modules are coniigured as inverting and
non-inverting buffers. The moduies are connected through
programmed antifuses with typical capaciuve loading.

Actel uses a special benchmark design to corretate the binning
cireuit delay to typical and worst-case design delays. Sampies of
units are programmed to this benchmark circuit and all
programmed paths are measured for AC performance (including
the binning circuit delay). The measured delays are then compared
to the ALS Timer predictions. The binning circuit maximum delay
has been set to assure conformance to the predicted delays. Units
are sampled to confirm this correlation upon initial device
charactenzation and whenever a change is made that may affect
AC performance.

Package Thermal Characteristics

The device junction to case thermal charactenstic is 9jc, and the
juncuon to ambient air characteristic is 6ja. The thermal
charactenstics {or 8ja are shown with two different air flow rates.

Maximum junction temperature is 150°C.

A sample caiculation of the maximum power dissipation for a
ceramic PG84 package at muitary temperature is as follows:

150 (Max) ~ 125 (Max Mil.) = 25/33 C/W (PG84 - sull air) = 0.76
Watts.

Package Type Pin Caunt Bie St?lllaair 300 efti/.mm. Units
Ceramic Pin Gnd, PG34 84 8 33 20 °C
Carquad J lead. JQ44 a4 8 40 32 °C
Cerquad J Jead, JO68 68 8 38 30 °C
Cerquad J lead. JO84 84 8 36 25 °C
PACKAGE CASE LAEROW
\ —
-—

/
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JET PROPULSION LABORATORY
February 14, 1992

SUBJECT: CALCULATION OF CURRENT DENSITY FOR ACTEL 2.0um TECHNOLOGY

PURPOSE: To review the issue of current density and worst case metal step coverage according to
Mil-Std-883 and Mil-M-38510 requirements. Both of these requirements are to be evaluated at worst case
conditions. Worst case conditions will vary according to process technology and individual part
performance. Therefore a best approximation to worst case conditions is used for current density
calculations and time to failures. Step coverage is measured from SEM photographs which represent
worst case topology on a chip.

PROCEDURE:

1.0. Figure 1 is a SEM photograph and cross section which shows a metal-1 contact to silicon and the
thinning of the metal from a nominal of 0.85um to a minimum of 0.2um. This is a violation which can
lead to metal failure due to electromigration under certain conditions., The minimum contact size is
designed as 1.8x1.8um. In actuality it becomes smaller due to processing and the metal thins out at the
sidewalls.

2.0 Figure 2 is an optical photograph of a partial chip deprocessed down to silicon showing poly and
contacts. The feature to note is that the number of contacts observed on silicon varies from one to as many
as sixteen depending on the size of transistor geometry. The concern is if there is only one contact to the
drain or source of the transistor. This is worst case for current flow. The amount of current will depend
on the size of the transistor and its function in the circuit. One contact maximizes current density. Two or
more contacts will lower current density since the current will be shared.

3.0 Figure 3 is the physical model used to represent the metalization entering the contact or a via. The
concern is the thinning of the metal within the contact. This model was used to calculate the metal-1 area
as it thins within the contact. This area is represented by Al.

4.0 Figure 4 is the mathematical model used to calculate current density and the predicted time to
failure shown in hours and years. The model calculates for three cases: 1) single contact which is worst
case, 2) two contacts which reduces current density, 3) no contact in metal interconnect which is the best
case. From these three cases it is easy to compare results and reach some conclusion. This model also
shows the entered variables that were used to represent worst case process and worst case transistor
rating. This is an interactive model so any enter variable can be changed to study the effect. The
significant variable is the current value chosen to represent worst case in the transistor. ACTEL's data
book quotes 4ma minimum for output buffers. They also claim the current for the 1.2um technology is
1.0ma per contact which is what was assumed for the 2.0um. This analysis assumes dc current flow.

5.0 Figure 5 shows current density as metal-1 thickness increases. As expected the current density is
reduced as metal thickness increases. This fi gure also shows that two contacts reduce it further because of
current sharing. From a design/reliability point of view more than one contact should be used where
possible.

6.0 Figure 6 shows time to failure as metal-1 thickness increases. The step coverage is critical to
insuring maximum time to failure. Two contacts are added insurance.

7.0 Figure 7 shows the time to fail for a single contact vs metal thickness on a magnified scale. This
figure shows .01% failures in metal-1 are predicted to occur in less than 10 years operating at
temperature of 150°C.

8.0 Figure 8 shows time to fail can be increased by lowering the operating temperature.
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Conclusions: The ACTEL 2.0 um technology does not meet Mil-Std-883 metal contact step coverage
requirement of 30% for contacts less than 3um on a side using worst case SEM examination. However it
does pass the Mil-M-38510 current density requirement of 7%x10ES A/cm2 even when the metal-1 step
coverage is 23.5%. This is because the current flow allowed by design is 1ma per contact for the
1.2um technology. This 1ma per contact was also assumed for the 2.0um calculations.

Therefore based on the calculations performed a mission of § years or less has minimum risk if the
device max junction temperature will remain below 90°C. This temperature allows for current and step
coverage variations. Beyond 5 years the risk is greater that electromigration or other metal failures may
occur since there are places on the chip where only one contact is used.

Further action should investigate why additional contacts were not used when it seems there is

physical room for them. If there is a design or routing limitation then the risk will remain for lack of
redundancy. In this case only improving the metal-1 step coverage will reduce the risk.

72



‘IND TTEMApPTS BTA 9HgJ4g uT *9pIxo ajed

SSouYdTY] a3e13400 dajs [ejsuw pue uo uirsijed yidusay o3e8 £1od pue
‘TS 03 3IDBIUOD [EIBW JO MATA X7 Y| 21314 ‘TS 03 I0BIUOD [-TeIoW 3O MITA YOI e wandry
dILS VIA LY o 0 i 10 0o MA0Z WAZ
wrggos A
SSINMOIHL
VLN
wrl g0 = OSd8
SSINMOIHL
FIVLINW
HLON3I1
wrigep= 3LVO A10d
SSANMOIHL
o1
ISOL
wri g0 = LOVINOD
SS3INMOIIHL — : : . -IVLIN
O0s i - . 39281 Ju.

‘ALVHISEANS IS NO SNHILIVd
3OVIHILNI ONV SSIANMOIHL HIFHL ‘STVIHILVW 03NOILI3S-SSOHD dIHO TVd 40 SM3IA OLOHd W3S

73



OPTICAL PHOTOVIEWS OF ACTEL 1020B(2um PROCESS) CHIP SEGMENT

EXPOSED CONTACTS TO POLY GATES AND Si-TRANSISTOR CELLS
(DIELECTRICS AND 2-LEVEL METAL INTERCONNECTIONS REMOVED)
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800X OPTICAL VIEW OF EXPOSED CONTACTS TO Si CELLS
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Figure 3
Transparent view of metallization entering via (or contact) opening
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Example

JPL Alpha-11  A1020 FPGA
03-APR-1992 17:55:56.59  Datecoda: 9128 Page:
Source file: alphal1.C:H35

Endpoint: 2000hrs

Temp: 25 Ser #: 10

1

Functional test params: Vee = 4.50V, Vih = 3.00V, Vil = 0.00v.
Functional test params: Vcc = 4,75V, Vih = 3.00V, vil = 0.00V.
Functional tast params: Vecc = 5.00V, Vih = 3.00V, Vil = 0.00V.
Functional test params: Vec = 5,25V, Vih = 3.00V, Vil = 0.00V.
Functional test params: Vece = 5.50V, Vih = 3.00V, Vil = 0.00V.

VOH Params: Ins =3.00V/0.00V, 10 =-3.200MA, Min=3.7

vce 4.5 4.75
Qo 4.2025 4.4667
a1 4.2001 4.4643
Q2 4.2001 4.4618
Q3 4.1854 4.4472
FF1 4.2025 4.4667
FF2 4.2074 4.4692
TOUT1 4.1952 4.4569
TOUTs 4.1977 4.4594
DCEO 4.1977 4.4618
DCE1 4.2001 4.4643
DCE2 4.2025 4.4667
DCE3 4.1977 4.4594
DCE4 4.2074 4.4716
DCES 4.2025 4.4667
DCEs 4,205 4.4692
DCE?7 4.2074 4.4692
DCEs 4.205 4.4692
DCES 4.2074 4.4692
DCE10 4.2074 4.4692
DCEN 4.2025 4.4643
DCE12 4.2001 4.4618
DCE13 4.2001 4.4643
DCE14 4.1977 4.4618
DCE15 4.2025 4.4643
DCE16 4.1377 4.4594
DCE17 4.1977 4.4594
DCE18 4.1977 4.4594
DCE19 4.2001 4.4843
DCE20 4.1952 4.4618
DCE21 4.1928 4.4569
DCE22 4.1952 4.4569
DCE23 4.1977 4.4594
DCE24 4.1928 4.4569
DCE2S 4.1977 4.4594
DCE26 4.2001 4.4618
DCE27 4.1952 4.4594
DCE28 4.1952 4.4594
DCE29 4.183 4.4447
DCE30 4.1928 4.4545
DCE31 4.1903 4.4521
DCE32 4.2074 4.4692
DCE33 4,205 4.4667

4.7285

4.726
4.7236
4.7065

4.726
4.7309
4.7187
4.7211
47211

4.726
4.7285
4.7236
4.7309
4.7285
4.7285
4.7309
4.7285
4.7309
4.7285

4.726
4.7236
4.7236
4.7238
4.7211
4.721
4.7236
4.7211
4.7236
4.7211
4.7187
4.7211
4.7211
4.7187
4.7211
4.721
4.7211
4.7187
4.7018
4.7162
4.7114
4.7309
4.7285

85

5.25

4.9878
4.9829
4.9829
4.9658
4.9853
4.9902

4.978
4.9804
49829
4.9853
4.9853
4.9804
4.9902
4.9853
4.9878
4.9902
4.9878
4.9902
4.9902
4.9853
4.9829
4.9829
4.9804
4.9829
4.9804
4.9804
4.9829
4.9853
4.9804

4.978
4.9804
4.9804

4.978
4.9804
4.9829
4.9804

4.978
4.9609
4.9731
4.9731
4.9902
4.9878

5.5

5.247

$.2422
5.2397
5.2226
5.244¢
5.2471

5.2373

5.2397
5.2397
5.2448
5.2446
5.2397
$.2471

5.2446
5.2471

5.2495
5.247

5.247

5.2446
$.2397
5.2397
5.2422
5.2373
5.2397
5.2397
5.2397
5.2397
5.2422
5.2397
5.2373
5.2397
5.2397
5.2373
$.2397
5.2422
$.2373
5.2348
5.2177
5.2324
5.2299
5.2495
5.2446
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DCE34 4,2074 4.4667 4.7285 4.9878 5.2446

DCE3%5 4.2074 4.4692 4.7309 4.9902 5.2471
DCE36 4.1977 4.4643 47211 4.9829 5.2397
DCE37 4.2025 4.4643 4.726 4,9853 5.2422
DCE38 4.2025 4.4667 4.726 4.9853 5,2446
DCE39 4.2074 4.4692 4.7309 4.9902 5.2495
MOUTA40 4.1952 4.4569 4.7187 4,978 5.2373
MOUTA4N 4.1928 4.4545 4.7162 4,975% 5.2348
MOUT42 4.1854 4.4472 4.7016 4.9609 5.2177
MouUT43 4.1854 4.4447 4,704 4.9584 5.2153
MOUT44 4.1805 4.,4398 4.6991 4.956 5.2104
MOUT4S 4.2025 4.4643 4.7236 4.9829 5.2422
MOUT46 4.1977 4.4594 4.7187 4978 5.2348
MouT47 4.1977 4.4594 4.7187 4.978 5.2348

VOL Params: lns=3.00V/0.00V, 10 =4.000mA, Max=400vaMin=0.0

vCcC 4.5 4.75 ) 5.25 5.5
Qo 1.15E-01 1.13E-01 1.15E-01 1.08€E-01 1.05E-01
Q1 1.13E-01 1.10E-01 1.08E-01 1.03E-01 1.03E-01
Q2 1.17€-01 1.13E-01 1.10€E-01 1.08E-01 1.05E-01
Q3 1.15E-01 1.10€-01 1.08E-01 1.08E-01 1.05€E-01
FF1 1.17€-01 1.13€-01 1.10E-01 1.08E-01 1.05E-01
FF2 1.15E-01 1.13E-01 1.10€-01 1.08€-01 1.05E-01
TOUT1 - 1.17€-01 1.13E-01 1.10E-01 1.05E-01 1.05E-01
TOUTS 1.17E-01 1.13E-01 1.10E-01 1.08E-01 1.05E-01
DCEO 1.15E-01 1.10E-01 1.08E-01 1.03E-01 1.03E-01
DCE? 1.17€-01 1.13E-01 1.10€E-01 1.08E-01 1.05E-01
DCE2 1.20E-01 1.15E-01 1.13E-01 1.08E-01 1.05E-01
DCE3 1.17E-01 1.13€-01 1.10E-01 1.08E-01 1.03E-01
DCE4 1.17€-01 1.1SE-01 1.10E-01 1.08E-01 1.05E-01
DCES 1.17E-01 1.15E-01 1.10€E-01 1.08E-01 1.05E-01
DCE®6 1.17E-01 1.13E-01 1.10€-01 1.08E-O1 1.05€-01
DCE? 1.17€-01 1.13€-01 1.10E-01 1.08E-01 1.05€E-01
DCES8 1.15€-01 1.13E-01 1.10E-01 1.05€-01 1.03€E-01
DCE9 1.17€-01 1.15€E-01 1.10€-01 1.05€-01 1.05E-01
DCE10 1.17€-01 1.15€-01 1.10€E-01 1.08E-01 1.05E-01
DCEV 1.15E-01 1.13E-01 1.10E-01 1.08E-01 1.05E-01
DCE12 1.15E-01 1.13E-01 1.10E-01 1.05E-01 1.03€E-01
DCE13 1.17€-01 1.13E-01 1.10E-01 1.08€-01 1.03€-01
DCE14 1.17E-01 1.15E-01 1.10€-01 1.08E-01 1.05€-01
DCE15 1.15E-01 1.13E-01 1.08€-01 1.08E-01 1.03E-01
DCE16 1.15E-01 1.13€-01 1.08E-01 1.0SE-O01 1.03E-01
DCEV7 1.15E-01 1.10E-01 1.08E-01 1.03E-01 1.03E-01
DCE18 1.17€-01 1.15E-01 1.10€-01 1.08E-01 1.05€-01
DCE19 1.20€-01 1.15€-01 1.13E-01 1.08E-01 1.05€E-01
DCE20 1.20€E-01 1.17E-01 1.15E-01 1.10E-01 1.08E-01
DCE21 1.17€-01 1.13E-01 1.10E-01 1.05€-01 1.05E-01
DCE22 1.17€-01 1.15E-01 1.10E-01 1.08E-01 1.05E-01
DCE23 1.17€-01 1.13E-01 1.10€-01 1.08E-01 1.03E-01
DCE24 1.17E-01 1.15€E-01 1.10€-01 1.08€-01 1.05E-01
DCE25 1.17€-01 1.15E-01 1.13E-01 1.08E-01 1.08€E-01
DCE26 1.20€-01 1.15E-01 1.13E-01 1.10€-01 1.08E-01
DCE27 1.17E-01 1.1SE-01 1.10€-01 1.08E-O1 1.05E-01
DCE28 1.17E-01 1.15€E-01 1.10E-01 1.08E-01 1.05E-01
DCE29 1.20E-01 1.15E-01 1.13E-01 1.10€-01 1.08E-01
DCE30 1.17€-01 1.13E-01 1.10€E-01 1.08E-01 1.0SE-01
DCE31 1.20€E-01 1.1SE-01 1.13€-01 1.10€-01 1.08E-01
DCE32 1.17E-01 1.13E-01 1.10€-01 1.08E-01 1.05E-01
DCE33 1.18€-01 1.13E-01 1.10€-01 1.05E-01 1.05E-01
DCE34 1.15€-01 1.13E-01 1.10E-01 1.08E-01 1.03E-01
DCE3S 1.15E-01 1.13E-01 1.08E-01 1.05E-01 1.03E-01
DCE36 1.17E-01 1.13E-01 1.10E-01 1.08€-01 1.05€-01
DCE37 1.20E-01 1.15€-01 1.13€E-01 1.08€E-01 1.0SE-O1
DCE38 1.20€-01 1.15E-01 1.10E-01 1.08E-01 1.08E-01
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DCE39

MOUT40
MOuUT41
MouT42
MOUT43
MOUT44
MOUT45
MOUT48
MOUT47

1.20E-01
1.17E-01
1.15E-01
1.15E-01
1.17€-01
1.17E-01
1.17€-01
1.17E-01
1.17E-01

1.17€-01
1.15€-01
1.13E-01
1.10€-01
1.13E-01
1.13E-01
1.15E-01
1.13€-01
1.13E-01

-18E-01
-10E-01
-10E-01
.08E-01
.10E-01
-10E-01
.10E-01
-10€-01
.08E-O1

e T S S

Isb Params: Ins =3.00V, Outs = Open, Meax = 256-3, Min =0

vcc

vece

L Parems: Vin=0.00V, Min=-1 OUA/Max = 10UA

vCccC

RESET
OE
LOAD
CLKIN
TIN
SEL1
SEL2
SEL3
SEL4
Qo
Q1
Q2
Qs

4.5

5.96E-03

4.5

0
-1.22€-10
-6.10E-11

(o}

(o}
-6.10E-11
-1.83E-10

e]
-6.10E-11
-1.83E-10

o}
-1.83E-10

0

4.75

8.44E-03

4.75

-1.22E-10
6.10E-11
-1.22E-10
(o

(o}
-1.22E-10
0

(o}
6.10€-11
-6.10€-11
o
-1.22€-10
-6.10E-11

IIH Params: Vin=VCC, Min=-10UA/Max = 10UA

vCccC

RESET
OE
LOAD
CLKIN
TIN
SEL1
SEL2
SEL3
SEL4
Qo
Q1
Q2
Q3

10ZL Params: Vin=0.00V, Min=-10UA/Max = 10UA

vCcC

DCEO
DCE1
DCE2
DCE3
DCE4
DCES
DCE6
DCE?7
DCES8
DCES
DCE10
DCE11
DCE12

4.5

2.44E-10
1.22E-10
6.10E-11
1.83E-10
6.10E-11
0
1.83E-10
1.83E-10
6.10E-11
1.22€-10
6.10E-11
1.83E-10
1.22€E-10

4.5

0
-6.10€-11
-6.10E-11

0

0

0

6.10E-11
-6.10E-11
-1.22E-10

(o}

o

6.10E-11

0

4.75

0
1.83E-10
1.22E-10
1.83E-10
1.22E-10
6.10E-11
1.22E-10

-6.10E-11
1.83E-10
6.10E-1
2.44E-10
1.83€-10
2.44E-10

4.75

0
-6.10€-11
0
-6.10E-11
1.22€-10
o
-6.10E-11
6.10E-11
0
1.22€-10
-6.10E-11
-6.10E-11
1.22E-10

1.10E-02

5

-1.83E-10
0
-1.22€-10
(o}
-1.83€-10
-1.22€-10
-6.10E-11
6.10E-11
6.10E-11
6.10E-11
-6.10E-11
-1.83E-10
6.10E-11

—_

S

1.22E-10
1.22€-10
6.10E-11
6.10E-11
6.10€-11
-6.10E-11
1.22€-10
1.83E-10
2.44E-10
1.22E-10
1.22€-10
1.22€-10
1.22E-10

5

6.10E-11
0
6.10E-11
1.22E-10
0
-6.10E-11
0
6.10E-11
6.10E-11
0
6.10E-11
0

0

87

1.10E-01
1.08E-01
1.05E-01
1.0SE-01
1.08E-01
1.08E-01
1.08E-01
1.05E-01
1.08E-01

5.25

1.33E-02

5.25

-6.10E-11

0
6.10E-11
(o}
6.10E-11
-1.22E-10
0

0
-1.22E-10
-6.10E-11
-1.83E-10
6.10E-11
-1.83E-10

5.25

1.22E-10
0
6.10E-11
1.22E-10
6.10E-11
0
1.83E-10
1.83E-10
1.22E-10
6.10E-11
1.22E-10
-6.10E-11
6.10E-11

5.25

-1.83E-10
o

0
1.22€-10
-6.10E-11
0
-6.10E-11
-6.10E-11
6.10E-11

O o000
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1.08E-01
1.05E-01
1.03E-01
1.03E-01
1.05E-01
1.05E-01
1.05E-01
1.03E-01
1.03E-01

5.5

1.48€-02

5.5

0
-6.10E-11
-6.10E-11
-1.83E-10
6.10E-11
(o]

0
-1.22E-10
1.83E-10
-6.10E-11
-1.83E-10
0
-6.10E-11

5.5

(¢}

0
1.22€-10
1.22€-10
6.10E-1
1.22€-10
1.22E-10
3.66E-10
1.83E-10
1.83E-10

0o
1.22€-10
1.22E-10

5.5

6.10E-11
-1.22€-10
-6.10E-11
-1.22€-10
-6.10E-11
o
-2.44E-10
-1.22E-10
-6.10E-11
6.10E-11
6.10E-11
-6.10E-11
-1.22E-10



DCE13 6.10€-11 -1.22€-10 -6.10E-11 -1.22E-10 [¢]

DCE14 0 0 0 -6.10E-11 o]
DCE1S 0 1.22€-10 0 0 6.10E-1
DCE16 6.10E-11 o] -6.10€-11 -6.10€-11 o}
DCE17 0o 0 -1.22€E-10 -1.22€-10 -6.10E-11
DCE18 o -1.83E-10 o -6.10€-11 -1.22€-10
DCE19 0 -1.22€-10 0 -1.22€E-10 -1.83€-10
DCE20 6.10E-11 -2.44€-10 -6.10E-11 -1.83€E-10 -6.10E-11
DCE2Y -1.83E-10 -1.22€-10 -1.83E-10 1.83E-10 6.10E-11
DCE22 6.10E-11 0 -1.83E-10 0 -1.83€-10
DCE23 -1.22€-10 -6.10E-11 -6.10E-11 6.10E-11 0
DCE24 -6.10E-11 -1.22€-10 6.10E-11 -1.22€-10 -1.22€-10
DCE2S -6.10E-11 0 -6.10E-11 0 0
DCE26 .6.10E-11 -1.83E-10 6.10E-11 -6.10E-11 1.22€E-10
DCE27 6.10E-11 0 -6.10€-11 6.10E-11 0
DCE28 0 6.10E-11 -6.10E-11 0 6.10E-11
DCE29 -6.10E-11 0 -1.22€-10 -1.83E-10 0
DCE30 -1.22E-10 -6.10E-11 -6.10E-11 1.22€E-10 0
DCEAN 1.22€-10 6.10E-11 0 0 (¢}
DCE32 6.10E-11 1.83E-10 1.83E-10 0 -1.83E-10
DCE33 -6.10€-11 1.22E-10 -6.10E-11 -3.66E-10 0
DCE34 -2.44E-10 1.22€-10 6.10€-11 6.10E-11 -1.83E-10
DCE35 o] -1.22€-10 0 -6.10E-11 -6.10E-11
DCE36 6.10E-11 -1.83E-10 1.22€-10 -1.83E-10 -1.22€-10
DCE37 0 6.10E-11 0 (¢} 0
DCE38 0 -6.10E-11 1.22€-10 -1.83E-10 -1.22E-10
DCE39 0o -6.10E-11 -2.44E-10 0 6.10E-1
MOUT40 0 -6.10E-11 o] 6.10€-11 0
MOUT41 -1.22€-10 -2.44E-10 -6.10E-11 -1.22€E-10 0
MOUT42 -1.83E-10 0 . 0 0 0
MOUT43 0 6.10E-11 0 -6.10E-11 0
MOUT44 0 -1.22€-10 6.10E-11 6.10E-11 -6.10E-11
MOUT4S -1.83€-10 0 0 1.22€-10 -2.44€-10
MOUT46 -6.10E-11 -1.22€-10 6.10E-11, -6.10€-11 o]
MOUT47 -6.10E-11 6.10E-11 6.10E-11 6.10E-11 0

|OZH Params: Vin= VCC, Min= -10UA/Max = 10UA

vce 4.5 4.7% -] 5.25 5.5
DCEO 1.22€-10 1.83E-10 3.05€-10 3.05E-10 2.44E-10
DCE1 1.83€-10 1.83E-10 1.22E-10 6.10E-11 0
DCE2 1.83E-10 0 1.22E-10 1.22E-10 1.22€-10
DCE3 2.44E-10 6.10E-11 1.22€-10 1.83E-10 1.22E-10
DCE4 -6.10E-11 1.22E-10 2.44€-10 1.22€-10 0
DCES 1.22€-10 6.10E-11 6.10€-11 1.83E-10 2.44E-10
DCE6 1.22E-10 6.10E-11 2.44E-10 0 1.22€-10
DCE7 -6.10E-11 6.10E-11 6.10E-11 3.05E-10 0
DCE8 6.10E-11 1.83E-10 6.10E-11 3.05€-10 o]
DCES 6.10E-11 6.10E-11 1.83E-10 6.10E-11 1.22€E-10
DCE10 1.83€-10 o} 6.10E-11 6.10E-11 1.22€-10
DCE1 1.22€E-10 6.10E-11 6.10E-11 6.10E-11 2.44€E-10
DCE12 0 §.10E-11 1.83E-10 6.10€-11 0
DCE13 1.83E-10 1.22E-10 2.44E-10 1.83E-10 1.22E-10
DCEV4 1.83E-10 6.10E-11 1.83E-10 6.10€-11 1.22E-10
DCE15 6.10E-11 3.05€-10 1.22€E-10 0 1.22€-10
DCE16 2.44E-10 1.83€-10 3.05€E-10 3.05E-10 -1.22€-10
DCE17 6.10€E-11 1.22€-10 1.83E-10 0 6.10E-11
DCE18 6.10E-11 6.10E-11 6.10E-11 6.10E-11 1.83E-10
DCE19 1.22€-10 1.83E-10 1.22E-10 0 6.10E-11
DCE20 1.22€-10 6.10E-11 1.83E-10 6.10E-11 1.22E-10
DCE21 0 6.10E-11 0 -1.22E-10 6.10E-11
DCE22 1.22€-10 6.10E-11 1.22€-10 6.10E-11 6.10E-11
DCE23 1.22E-10 -6.10E-11 6.10€-11 6.10E-11 0
DCE24 o -6.10E-11 (o} 6.10E-11 6.10E-11
DCE25 2.44E-10 3.05E-10 1.83E-10 0 1.22€-10
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DCE26 6.10E-11 1.22€-10 6.10€-11

DCE27 6.10E-11 1.22€-10 2.44E-10
DCE28 1.22E-10 1.83E-10 1.22E-10
DCE29 1.22E-10 6.10E-11 1.22E-10
DCE30 3.05€-10 1.83E-10 -6.10E-11
DCE31 1.83€-10 1.22€-10 2.44E-10
DCE32 6.10E-11 6.10€-11 1.83E-10
DCE33 0 -6.10E-11 0
DCE34 1.22E-10 0 3.05€-10
DCE3s 6.10E-11 6.10E-11 1.22E-10
DCE3s6 2.44E-10 6.10E-11 6.10E-11
DCE37 1.83E-10 1.22E-10 -6.10E-11
DCE38 1.22E-10 1.22E-10 1.22E-10
DCE39 1.83E-10 -6.10€-11 6.10E-11
MOUT40 6.10E-11 0 1.83E-10
MOUT41 1.83E-10 2.44€-10 -1.22E-10
MOUT42 1.83E-10 0 2.44E-10
MOUT43 0 6.10E-11 6.10E-11
MOUT44 1.83E-10 0 1.22€-10
MOUT45 1.83E-10 6.10E-11 6.10E-11
MOUT46 -6.10E-11 o} 2.44E-10
MOUT47 3.05E-10 (o} 6.10E-11

10S Params:VO =0.00V, Min=-100mA/Max =-10mA

vce 45 4.75 S
Qo -2.23E-02 -2.47€-02 -2.70E-02
Q1 -2.23E-02 -2.45E-02 -2.68E-02
Q2 -2.20E-02 -2.43E-02 -2.66E-02
Q3 -2.19€-02 -2.41E-02 -2.65€-02
FF1 -2.23€E-02 -2.45E-02 -2.68E-02
FF2 -2.23E-02 -2.48E-02 -2.70E-02
TOUT1 -2.15E-02 -2.38E-02 -2.60E-02
TOUTS -2.17E-02 -2.39E-02 -2.62E-02
DCEO -2.17E-02 -2.40E-02 -2.62E-02
DCE1 -2.17€-02 -2.40E-02 -2.62E-02
DCE2 -2.19E-02 -2.41E-02 -2.65E-02
DCE3 -2.16E-02 -2.39€-02 -2.62E-02
DCE4 -2.23E-02 -2.46E-02 -2.70E-02
DCES -2.21E-02 -2.45E-02 -2.68E-02
DCE6 -2.23E-02 -2.46E-02 -2.70€E-02
DCE? -2.24E-02 -2.48E-02 -2.71E-02
DCES8 -2.23E-02 -2.46E-02 -2.70E-02
DCE9 -2.23E-02 -2.46E-02 -2.70£-02
DCE10 -2.25E-02 -2.48E-02 -2.71€-02
DCEM -2.21E-02 -2.43E-02 -2.66E-02
DCE12 -2.19E-02 -2.42E-02 -2.65E-02
DCE13 -2.20E-02 -2.43E-02 -2.66E-02
DCE14 -2.21€-02 -2.44E-02 -2.67€-02
DCE15 -2.20E-02 -2.43E-02 -2.66E-02
DCE16 -2.17E-02 -2.40E-02 -2.62E-02
DCE17 -2.16E-02 -2.39E-02 -2.62E-02
DCE18 -2.17E-02 -2.40E-02 -2.63€-02
DCE19 -2.19E-02 -2.41E-02 -2.65E-02
DCE20 -2.15E-02 -2.37E-02 -2.60E-02
DCE21 -2.16E-02 -2.38€E-02 -2.62E-02
DCE22 -2.16E-02 -2.38E-02 -2.62E-02
DCE23 -2.16E-02 -2.39E-02 -2.62E-02
DCE24 -2.16E-02 -2.38E-02 -2.61E-02
DCE2S -2.16€E-02 -2.39E-02 -2.62E-02
DCE26 -2.19E-02 -2.41E-02 -2.65€-02
DCE27 -2.18E-02 -2.41E-02 -2.64E-02
DCE28 -2.18E-02 -2.41E-02 -2.64E-02
DCE29 -2.16E-02 -2.39€-02 -2.62E-02
DCE30 -2.18E-02 -2.41€-02 -2.64E-02

89

-6.10€-11 2.44E-10
1.22E-10 1.22€-10
1.83E-10 1.22E-10
6.10E-11 1.22E-10
3.05E-10 1.22E-10
1.22E-10 6.10E-11
1.83E-10 6.10E-11
6.10E-11 [o]
1.83E-10 2.44E-10
o) 1.22E€-10
6.10E-11 [o]
-6.10E-11 6.10E-11
1.83E-10 6.10E-11
6.10E-11 o)
6.10E-11 -6.10E-11
1.22E-10 1.22€E-10
6.10E-11 1.22€E-10
6.10E-11 1.22€E-10
6.10E-11 1.83E-10
1.22E-10 6.10E-11
-6.10E-11 1.22E-10
6.10E-11 6.10E-11
5.285 5.5
-2.93E-02 -3.18E-02
-2.92E-02 -3.16E-02
-2.90E-02 -3.13E-02
-2.88E-02 -3.12E-02
-2.92E-02 -3.16E-02
-2.94E-02 -3.18E-02
-2.84E-02 -3.07E-02
-2.85E-02 -3.09€-02
-2.85SE-02 -3.09E-02
-2.85E-02 -3.09E-02
-2.88E-02 -3.12E-02
-2.85E-02 -3.09E-02
-2.93E-02 -3.18E-02
-2.91E-02 -3.15E-02
-2.93€-02 -3.17E-02
-2.95€-02 -3.20E-02
-2.94E-02 -3.18E-02
-2.94E-02 -3.18E-02
-2.95E-02 -3.20E-02
-2.90E-02 -3.14E-02
-2.89€E-02 -3.13E-02
-2.89€-02 -3.13€-02
-2.90E-02 -3.15E-02
-2.89E-02 -3.13E-02
-2.86E-02 -3.09E-02
-2.85E-02 -3.09E-02
-2.86E-02 -3.10E-02
-2.88E-02 -3.12E-02
-2.84E-02 -3.07€-02
-2.85E-02 -3.09E-02
-2.84E-02 -3.07E-02
-2.85E-02 -3.08E-02
-2.84€E-02 -3.07€E-02
-2.85E-02 -3.09E-02
-2.88€-02 -3.12E-02
-2.88E-02 -3.12E-02
-2.88E-02 -3.12€-02
-2.85E-02 -3.09E-02
-2.87E-02 -3.11E-02
FN10_25.XLS
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DCE31
DCE32
DCE33
DCE34
DCE3S
DCE36
DCE37
DCE38
DCE39
MOUT40
MOUT41
MOouUT42
MOUT43
MOUT44
MOUT45
MOUT46
MOUT47

10SP Params:VO =VCC, Min = 20mA/Max = 140mA

vcC

Qo
a1
Q2
Q3
FF1
FF2
TOUT1
TOUTS
DCEO
DCE1
DCE2
DCE3
DCE4
DCES
DCEé6
DCE7
DCES8
DCE9
DCE10
DCEM
DCE12
DCE13
DCE14
DCE1%
DCE16
DCE1?7
DCE18
DCE19
DCE20
DCE21
DCE22
DCE23
DCE24
DCE25
DCE286
DCE27
DCE28
DCE29
DCE30
DCE3N
DCE32
DCE33
DCE34
DCE35

-2.15E-02
-2.24€-02
-2.24E-02
-2.22E-02
-2.23€-02
-2.19E-02
-2.20E-02
-2.20E-02
-2.22E-02
-2.16E-02
-2.13€-02
-2.23€-02
-2.21E-02
-2.20E-02
-2.21E-02
-2.20€-02
-2.21E-02

45

5.95E-02
5.96E-02
5.99E-02
5.99€-02
5.95€-02
5.96€E-02
5.95E-02
5.91E-02
6.00E-02
6.01€-02
5.98E-02
5.95E-02
5.89E-02
5.92€-02
5.92E-02
5.91€-02
S.95E-02
5.96E-02
5.98E-02
6.02E-02
6.01E-02
5.98E-02
5.96E-02
5.96E-02
5.95€-02
5.92E-02
5.90E-02
5.91E-02
5.84E-02
5.85E-02
5.85E-02
5.86E-02
5.87E-02
5.85€-02
5.83E-02
5.84E-02
5.84E£-02
5.82€-02
5.82€-02
5.80E-02
5.94E-02
5.95E-02
5.99€-02
6.00E-02

-2.37€-02
-2.47E-02
-2.47€-02
-2.45E-02
-2.46E-02
-2.41E-02
-2.43E-02
-2.43E-02
-2.45E-02
-2.38E-02
-2.35E-02
-2.47€-02
-2.44€-02
-2.43€-02
-2.43E-02
-2.43E-02
-2.44€-02

4.75

6.43E-02
6.43E-02
6.46E-02
6.46E-02
6.43E-02
6.44E-02
6.42E-02
6.38E-02
6.49E-02
6.49€-02
6.45E-02
6.43€-02
6.37E-02
6.39€-02
6.39E-02
6.39E-02
6.43€-02
6.43E-02
6.46E-02
6.51E-02
6.49€-02
6.46E-02
6.44E-02
6.43E-02
6.43E-02
6.40E-02
6.37E-02
6.38E-02
6.30E-02
6.32€-02
6.32E-02
6.33E-02
6.34E-02
6.32E-02
6.29€-02
6.30E-02
6.30E-02
6.29E-02
6.28E-02
6.26E-02
6.41E-02
6.42E-02
6.48E-02
6.48£-02

-2.60E-02
-2.71E-02
-2.71€-02
-2.68E-02
-2.70€-02
-2.65E-02
-2.66E-02
-2.66E-02
-2.68E-02
-2.61€-02
-2.58E-02
-2.70€-02
-2.67E-02
-2.66€-02
-2.66E-02
-2.66€-02
-2.68E-02

5

6.90E-02
6.90E-02
6.93E-02
6.94E-02
6.89E-02
6.91E-02
6.88E-02
6.84E-02
6.96E-02
6.96€E-02
6.93E-02
6.90E-02
6.83E-02
6.85E-02
6.85E-02
6.85E-02
6.90E-02
6.90E-02
6.93E-02
6.98E-02
6.96E-02
6.93E-02
6.90E-02
6.90€-02
6.90E-02
6.87E-02
6.84E-02
6.84€E-02
6.76E-02
6.77E-02
6.78E-02
6.79€E-02
6.80E-02
6.78€-02
6.75€E-02
6.76E-02
6.76E-02
6.74E-02
6.73E-02
6.71E-02
6.88€-02
6.89E-02
6.95E-02
6.95E-02

90

-2.83€-02 -3.06E-02
-2.95E-02 -3.19E-02
-2.95E-02 -3.18€-02
-2.92E-02 -3.16E-02
-2.93E-02 -3.17€-02
-2.88E-02 -3.12€-02
-2.90E-02 -3.13E-02
-2.90£-02 -3.14E-02
-2.92€-02 -3.16E-02
-2.84£-02 -3.07E-02
-2.80E-02 -3.04E-02
-2.93€-02 -3.17€E-02
-2.91€-02 -3.15E-02
-2.90E-02 -3.13E-02
-2.90E-02 -3.14E-02
-2.90E-02 -3.14E-02
-2.91E-02 -3.15€-02
5.25 5.5
7.36E-02 7.81E-02
7.36E-02 7.80E-02
7.40E-02 7.85E-02
7.40E-02 7.85E-02
7.35E-02 7.80E-02
7.37E-02 7.82E-02
7.34E-02 7.78E-02
7.29E-02 7.73E-02
7.43E-02 7.88E-02
7.43E-02 7.88E-02
7.39E-02 7.85E-02
7.37€-02 7.82E-02
7.29€-02 7.73€-02
7.31€E-02 7.76€E-02
7.32E-02 7.76E-02
7.31E-02 7.76E-02
7.37€-02 7.82€-02
7.37€-02 7.82E-02
7.40E-02 7.85E-02
7.45E-02 7.90E-02
7.43E-02 7.88E-02
7.39E-02 7.85€E-02
7.37E-02 7.82E-02
7.37E-02 7.82€-02
7.35E-02 7.81E-02
7.33€-02 7.79E-02
7.30E-02 7.75E-02
7.30E-02 7.76€-02
7.20E-02 7.64E-02
7.23E-02 7.66E-02
7.23E-02 7.66E-02
7.24E-02 7.68E-02
7.25€E-02 7.69E-02
7.23€E-02 7.67€-02
7.19E-02 7.63E-02
7.21E-02 7.65E-02
7.20E-02 7.63E-02
7.19E-02 7.63E-02
7.18E-02 7.61E-02
7.15€-02 7.59€-02
7.34E-02 7.79E-02
7.35E-02 7.80E-02
7.41E-02 7.87€-02
7.41E-02 7.87€-02
FN10_25.XLS
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DCE36
DCE37
DCE38
DCE39
MOUT40
MOUT4
MOUT42
MOUTA43
MOUT44
MOUTA45
MOUT46
MOUT47

5.98E-02
5.91€-02
5.91E-02
5.88£-02
5.87E-02
5.90E-02
5.91E-02
5.92E-02
5.92€-02
5.96E-02
5.96E-02
5.96E-02

6.46E-02
6.38E-02
6.38E-02
6.35E-02
6.34E-02
6.38E-02
6.38E-02
6.39E-02
8.39E-02
6.44E-02
6.44E-02
6.44E-02

VIH Params: Max =2.0V/Min=0.8V

vCcC

RESET
OE
LOAD
CLKIN
TIN
SEL1
SEL2
SEL3
SEL4
Qo
Q1
Q2
Q3

45

.3301
.3203
3242
.3813
.3379
.3184
3125
3242
.3047
.3008
.3086
3027
.3027

d d e b b e d b b b b —d wd

4.75

1.371
1.3711
1.3652
1.4277
1.3926
1.3691
1.3633
1.377
1.355%5
1.3516
1.355%5
1.3516
1.3516

VIL Params: Max =2.0V/Min=0.8V

vce

RESET
OE
LOAD
CLKIN
TIN
SEL1
SEL2
SEL3
SEL4
Qo
Q1
Q2
Q3

45

1.291
.2344
.2676
0723
.1895
,1523
.1602
.1602
.1484
.2324
.2676
.2148
.2168

S I

4.75%

.3379
.2598
.3086
1182
.2324
.189%5
.189%
.1983
1914
.2813
.3184
.2637
.2656

T S )

6.93€E-02
6.85E-02
€.84E-02
6.82E-02
6.80E-02
6.84E-02
6.84E-02
6.85E-02
6.85E-02
6.91E-02
6.91E-02
6.91E-02

1.4199
4199
1.418
.4902
.4355
1.418
421
.4258
4043
.4023
.4043
.3984
.4004

Py

—_ -

PPN e

5

.3848
.3086
.3574
.1582
.2813
.2383
.2324
2422
.2461
3281
.3633
.3105
1.3145

- d b b b o b wd b kb b

DEVICE PASSED ALL TESTS

91

7.40E-02 7.85E-02
7.30E-02 7.76E-02
7.30E-02 7.76E-02
7.27€-02 7.72€E-02
7.25E-02 7.69E-02
7.29€-02 7.73E-02
7.30E-02 7.74E-02
7.31E-02 7.76E-02
7.31E-02 7.75€-02
7.38E-02 7.83E-02
7.37€-02 7.83E-02
7.38E-02 7.83E-02
5.25 5.5
1.4688 1.56215
1.4688 1.4961
1.4844 1.498
1.5547 1.6172
1.4805 1.5352
1.4648 1.5098
1.459 1.5078
1.4707 1.5137
1.4551 1.502
1.4492 1.4961
1.4512 1.498
1.4453 1.4902
1.4512 1.4941
5.25 5.5
1.4316 1.4766
1.353% 1.4004
1.4043 1.4492
1.2012 1.2422
1.3281 1.375
1.2852 1.332
1.2754 1.3164
1.291 1.334
1.2969 1.3457
1.375 1.4199
1.4102 1.457
1.3574 1.4023
1.3594 1.4043
FN10_25.XLS
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JPL Alpha-11  A1020 FPGA Temp: 25 Ser #: 10
03-APR-1992 11:57:25.21 Datecode: 9129 Page: 1
Source file: alphat1.C:H35

Endpoint: 2000hrs

Tpzl Params: Ins =3.00V/0.00V

vCC 4.5 4.75 5 5.25 5.5 LIMIT @ 5V only
DCEO 7.05E-08 6.88E-08 6.54E-08 6.32E-08 6.15E-08 1.5E-07
DCE1 7.17€-08 6.95E-08 6.63E-08 6.46E-08 6.27E-08 1.5E-07
DCE2 6.92E-08 6.72E-08 6.39E-08 6.19E-08 6.01E-08 1.5€-07
DCE3 7.03E-08 6.68E-08 6.45E-08 6.26E-08 6.09E-08 1.5E-07
DCE4 6.82E-08 6.49E-08 6.27€-08 6.05E-08 5.89E-08 1.5E-07
DCES 6.77E-08 6.59E-08 6.28E-08 6.05E-08 5.87E-08 1.5E-07
DCE6 6.78E-08 6.53E-08 6.23E-08 6.04E-08 5.86E-08 1.5€-07
DCE? 6.77E-08 6.44E-08 6.21E-08 6.01E-08 5.84E-08 1.5E-07
DCES8 6.71E-08 6.58E-08 6.27€-08 5.97E-08 5.86E-08 1.5E-07
DCE9 6.67E-08 6.50E-08 6.23E-08 5.97E-08 5.82E-08 1.5E-07
DCE10 6.66E-08 6.47E-08 6.13E-08 5.93E-08 5.77€-08 1.5E-07
DCE11 6.68E-08 6.38E-08 6.16E-08 5.96E-08 5.79E-08 1.5E-07
DCE12 6.70E-08 6.40E-08 6.16E-08 5.98E-08 5.81E-08 1.5E-07
DCE13 6.67E-08 6.49E-08 6.17E-08 5.96E-08 5.79E-08 1.5E-07
DCE14 6.69E-08 6.48E-08 6.17E-08 5.96E-08 5.80E-08 1.5E-07
DCE15 6.69E-08 6.38E-08 6.16E-08 5.95E-08 5.79E-08 1.5E-07
DCE16 4.95E-08 4.84E-08 4.69E-08 4 55E-08 4.47€-08 1.5E-07
DCE17 5.07E-08 4.99E-08 4.80E-08 4.73E-08 4.63E-08 1.5E-07
DCE18 5.44E-08 5.36E-08 5.17E-08 5.08E-08 5.00E-08 1.5E-07
DCE19 5.58E-08 5.44E-08 5.32E-08 5.22E-08 5.13E-08 1.5E-07
DCE20 5.97E-08 5.80E-08 5.67E-08 5.55E-08 5.46E-08 1.5E-07
DCE21 5.98E-08 5.89E-08 5.70E-08 5.58E-08 5.48E-08 1.5€-07
DCEe22 5.98E-08 5.89E-08 5.70E-08 5.58E-08 5.47E-08 1.5E-07
DCE23 5.97E-08 5.81E-08 5.67E-08 5.56E-08 5.47E-08 1.5E-07
DCE24 5.64E-08 5.46E-08 5.18E-08 4.94E-08 4.75E-08 1.5E-07
DCE25 5.57E-08 5.38E-08 5.14E-08 4 90E-08 4.69E-08 1.5E-07
DCE26 5.59E-08 5.39E-08 5.08E-08 4.87E-08 4.70E-08 1.5E-07
DCE27 5.59E-08 5.30E-08 5.06E-08 4.86E-08 4.70E-08 1.5E-07
DCE28 5.61E-08 5.33E-08 5.09E-08 4.88E-08 4.71t-08 1.5E-07
DCE29 5.55E-08 5.28E-08 5.03E-08 4.85E-08 4.68E-08 1.5E-07
DCE30 5.61E-08 5.33E-08 5.09€E-08 4.89E-08 4.72E-08 1.5E-07
DCE31 5.56E-08 5.29E-08 5.05€-08 4.84E-08 4.67E-08 1.5E-07
DCE32 6.29E-08 6.21E-08 6.03E-08 5.90E-08 5.80E-08 1.5E-07
DCE33 6.26E-08 6.16E-08 5.94E-08 5.84E-08 5.74E-08 1.5E-07
DCE34 6.54E-08 6.43E-08 6.24E-08 6.13E-08 6.05E-08 1.5€-07
DCE35 5.98E-08 5.82E-08 5.69E-08 5.59E-08 5.49E-08 1.5E-07
DCE36 6.18E-08 6.01E-08 5.88E-08 5.78E-08 5.70E-08 1.5E-07
DCE37 5.82E-08 5.64E-08 5.53E-08 5.43E-08 5.34E-08 1.5E-07
DCE38 6.04E-08 5.86E-08 5.74E-08 5.64E-08 5.53E-08 1.5E-07
DCE39 6.62E-08 6.45E-08 6.32E-08 6.20€-08 6.10E-08 1.5E-07
MOUT40 8.63E-08 8.49E-08 8.04E-08 7.79E-08 7.55E-08 1.5E-07
MOUT41 8.66E-08 8.49E-08 8.04E-08 7.79E-08 7.55E-08 1.5E-07
MOUT42 8.83E-08 8.62E-08 8.18E-08 7.93E-08 7.72E-08 1.5E-07
MOUT43 8.23E-08 8.11E-08 7.67E-08 7.44E-08 7.25E-08 1.5E-07
MQOUTA44 8.14E-08 7.89E-08 7.46E-08 7.23E-08 7.03E-08 1.5E-07
MOUT45 7.89E-08 7.72E-08 7.26E-08 7.04E-08 6.85E-08 1.5E-07
MOUT46 7.67E-08 7.49E-08 7.06E-08 6.84E-08 6.65E-08 1.5€-07
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MOUT47

Tpzh Params:
VvCC
DCEO
DCE1
DCE2
DCE3
DCE4
DCES
DCE6
DCE?
DCE8
DCE9
DCE10
DCE11
DCE12
DCE13
DCE14
DCE15
DCE16
DCE17
DCE18
DCE19
DCE20
DCE21
DCE22
DCE23
DCE24
DCE25
DCE26
DCE27
DCE28
DCE29
DCE30
DCE31
DCE32
DCE33
DCE34
DCE35
DCE36
DCE37
DCE38
DCE39
MOUT40
MOUTA41
MOUT42
MOUT43
MOUT44
MOUT45
MOUT46
MOUT4?7

7.82E-08

7.64E-08

Ins =3.00V/0.00V

4.5
8.02E-08
8.24E-08
8.01E-08
8.12E-08
7.90€E-08
7.89E-08
7.89E-08
7.87E-08
7.63E-08
7.79E-08
7.75E-08
7.79E-08
7.82E-08
7.79E-08
7.81E-08
7.81E-08
5.89E-08
6.09E-08
6.42E-08
6.62E-08
7.11E-08
7.08E-08
7.12E-08
7.11€E-08
6.61E-08
6.73E-08
6.75E-08
6.74E-08
6.73E-08
6.71E-08
6.75E-08
6.75E-08
7.21E-08
7.30E-08
8.13E-08
7.06E-08
7.26E-08
6.88E-08
7.11€-08
7.71E-08
8.90E-08
8.95E-08
8.85E-08
8.49E-08
8.30E-08
8.18E-08
7.93E-08
8.16E-08

4.75
7.48€-08
7.67€-08
7.63E-08
7.67E-08
7.46E-08
7.50E-08
7.47€E-08
7.47E-08
7.34E-08
7.38E-08
7.36€-08
7.39E-08
7.43E-08
7.40E-08
7.41E-08
7.41€-08
5.67E-08
5.84E-08
6.26€E-08
6.39E-08
6.86E-08
6.84E-08
6.86E-08
6.86E-08
6.27E-08
6.34E-08
6.37E-08
6.37E-08
6.37E-08
6.34E-08
6.37E-08
6.37E-08
7.03E-08

7.05E-08

7.78E-08
6.42E-08
7.03E-08
6.64E-08
6.87E-08
7.44E-08
8.42E-08
8.46E-08
8.50E-08
8.08E-08
7.87E-08
7.71E-08
7.49€-08
7.63E-08

7.19€-08

5
7.02E-08
7.20E-08
7.02E-08
7.11E-08
6.88E-08
6.88E-08
6.88E-08
6.88E-08
6.73E-08
6.85E-08
6.85E-08
6.88€E-08
6.88E-08
6.88E-08
6.88E-08
6.88E-08
5.07E-08
5.20E-08
5.71E-08
5.74E-08
6.62E-08
6.34E-08
6.62E-08
6.41E-08
5.67E-08
5.64E-08
5.69E-08
5.68E-08
5.69€-08
5.63E-08
5.67E-08
5.68E-08
6.57E-08
6.62E-08
7.38E-08
6.15E-08
6.81E-08
6.14E-08
6.32E-08
6.88E-08
8.11E-08
8.13E-08
8.20€-08
7.77E-08
7.56E-08
7.38E-08
7.19€E-08
7.31E-08

93

6.96E-08

5.25
6.64E-08
6.88E-08
6.71E-08
6.77E-08
6.54E-08
6.55E-08
6.54E-08
6.54E-08
6.41E-08
6.42E-08
6.42E-08
6.42E-08
6.51E-08
6.42E-08
6.42E-08
6.42E-08
4.87E-08
5.01E-08
5.46E-08
5.58E-08
5.97E-08
5.97E-08
5.97E-08
5.97E-08
5.31E-08
5.32E-08
5.34E-08
5.32€-08
5.34E-08
5.29E-08
5.34E-08
5.32€-08
6.28E-08
6.31E-08
6.98E-08
5.96E-08
6.30E-08
5.86E-08
5.97E-08
6.68E-08
7.86€E-08
7.87E-08
7.94E-08
7.52E-08
7.31E-08
7.13E-08
6.93E-08
7.06E-08

6.77€-08

5.5
6.41E-08
6.62E-08
6.42E-08
6.54E-08
6.31E-08
6.31E-08
6.28E-08
6.31E-08
6.23E-08
6.23E-08
6.21E-08
6.25E-08
6.25E-08
6.22E-08
6.25E-08
6.24E-08
4.74E-08
4 84E-08
5.30E-08
5.41E-08
5.84E-08
5.82E-08
5.86E-08
5.85E-08
5.07E-08
5.07E-08
5.09E-08
5.08E-08
5.07€E-08
5.05E-08
5.09E-08
5.07E-08
6.12E-08
6.13E-08
6.78E-08
5.80E-08
6.10E-08
5.69E-08
5.86E-08
6.49E-08
7.64E-08
7.65E-08
7.73E-08
7.32E-08
7.11E-08
6.92E-08
6.72E-08
6.86E-08

.5E-07

LIMIT

.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.BE-07
.5E-07
.5E-07
.5E-07
.BE-07
.5E-07
.BE-07
.5E-07
.B5E-07
.5E-07
.5E-07
.5E-07
.BE-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.BE-07
.BE-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.B5E-07
.5E-07
.BE-07
.5E-07
.5E-07

.BE-07
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Tpiz Params: Ins = 3.00V/0.00V

vcc
DCEO
DCE1
DCE2
DCE3
DCE4
DCESB
DCE6
DCE7
DCES8
DCE9
DCE10
DCE11
DCE12
DCE13
DCE14
DCE15
DCE16
DCE17
DCE18
DCE19
DCE20
DCE21
DCE22
DCE23
DCE24
DCE25
DCE26
DCE27
DCE28
DCE29
DCE30
DCE31
DCE32
DCE33
DCE34
DCE35
DCE36
DCE37
DCE38
DCE39
MOUT40
MOUT41
MOUT42
MOUT43
MOUT44
MOUT45
MOUT46
MOUT47

4.5
7.57€-08
7.07E-08
7.10€E-08
7.39€-08
7.41E-08
7.33E-08
7.41E-08
7.39E-08
7.08E-08
7.19&-08
7.16E-08
7.17€-08
7.11E-08
7.08E-08
7.13E-08
7.13E-08
7.17€E-08
7.00E-08
7.35E-08
7.68E-08
8.05E-08
8.02E-08
8.06E-08
8.13E-08
6.01E-08
5.99E-08
6.02E-08
5.70E-08
5.95E-08
5.95E-08
5.97E-08
5.91E-08
9.00E-08
9.00E-08
1.02E-07
8.72E-08
8.54E-08
8.49€-08
7.84E-08
8.95E-08
9.54E-08
9.58E-08
9.58E-08
9.00E-08
9.13E-08
8.60E-08
8.78E-08
8.563E-08

4.75
6.97E-08
6.91E-08
6.92E-08
6.80€-08
6.82E-08
6.82E-08
7.34E-08
7.29E-08
6.64E-08
7.04E-08
7.03E-08
7.04E-08
7.01E-08
6.99E-08
7.04E-08
6.97E-08
7.09E-08
6.93E-08
7.25E-08
7.59€-08
7.97€-08
7.95E-08
7.97€E-08
8.03E-08
5.93E-08
5.86E-08
5.90E-08
5.82E-08
5.83E-08
5.82E-08
5.88E-08
5.83E-08
8.93E-08
8.93E-08
1.01E-07
8.64E-08
8.45E-08
8.42E-08
7.76E-08
8.86E-08
9.44E-08
9.49E-08
9.48E-08
8.91E-08
9.04E-08
8.51E-08
8.69E-08
8.37€E-08

5
6.91E-08
6.84€E-08
6.85E-08
6.72E-08
6.72E-08
6.63E-08
7.23E-08
7.18E-08
6.84E-08
6.96E-08
6.95E-08
6.96E-08
6.93E-08
6.55E-08
6.92E-08
6.88E-08
6.65E-08
6.86E-08
7.08E-08
7.50E-08
7.88E-08
7.86E-08
7.83E-08
7.95E-08
5.80E-08
5.78E-08
5.82E-08
5.74E-08
5.74€E-08
5.74€E-08
5.74E-08
5.70€-08
8.80E-08
8.84E-08
9.89E-08
8.56E-08
8.29E-08
8.34E-08
7.67E-08
8.76E-08
9.26E-08
9.38E-08
9.36E-08
8.83E-08
8.95E-08
8.36E-08
8.61E-08
8.28E-08

94

5.25
6.83E-08
6.75E-08
6.78E-08
6.66E-08
6.64E-08
6.55E-08
7.13E-08
6.66E-08
6.37E-08
6.88E-08
6.87E-08
6.88E-08
6.79E-08
6.50E-08
6.84E-08
6.81E-08
6.89E-08
6.32E-08
6.94E-08
7.37€-08
7.76€E-08
7.21E-08
7.76E-08
7.84E-08
5.74E-08
5.70E-08
5.75E-08
5.68E-08
5.67€-08
5.67€-08
5.69E-08
5.11E-08
8.72E-08
8.71E-08
9.84E-08
8.43E-08
8.22E-08
8.27E-08
7.52€E-08
8.02E-08
8.83E-08
9.23E-08
8.77E-08
8.69E-08
8.37E-08
7.86E-08
8.52E-08
8.18E-08

5.5
6.78E-08
6.68E-08
6.72E-08
6.59E-08
6.60E-08
6.48E-08
7.02E-08
6.99E-08
6.29E-08
6.82E-08
6.82E-08
6.83E-08
6.73E-08
6.42E-08
6.77€-08
6.75E-08
6.84E-08
6.21£-08
6.88E-08
7.32E-08
7.69€E-08
7.13E-08
7.68E-08
7.76E-08
5.68E-08
5.08E-08
5.64E-08
4.96E-08
5.09E-08
5.60E-08
5.62E-08
5.05E-08
8.65E-08
8.64E-08
9.75E-08
8.37€-08
8.14E-08
8.15E-08
7.45E-08
8.53E-08
9.06E-08
9.15E-08
8.66E-08
8.61€-08
8.30E-08
8.18E-08
7.89E-08
8.11E-08

LIMIT

.5E-07
.5E-07
.BE-07
.BE-07
.5E-07
.5E-07
.BE-07
.5E-07
.BE-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.BE-07
.BE-07
.5E-07
.5E-07
.5E-07
.BE-07
.BE-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.BE-07
.5E-07
.BE-07
.5E-07
.BE-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
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Tphz Params: Ins = 3.00V/0.00V

vcC
DCEO
DCE1
DCE2
DCE3
DCE4
DCES
DCE6
DCE?7
DCES8
DCE9
DCE10
DCEN
DCE12
DCE13
DCE14
DCE15
DCE16
DCE17
DCE18
DCE19
DCE20
DCE21
DCE22
DCE23
DCE24
DCE25
DCE26
DCE27
DCE28
DCE29
DCE30
DCE31
DCE32
DCE33
DCE34
DCE35
DCE36
DCE37
DCE38
DCE39
MOUT40
MOUTA
MOUT42
MOQuUT43
MOUT44
MOUT45
MOUT46
MOUT47

4.5
6.90€-08
6.88E-08
6.88E-08
6.74E-08
6.75E-08
6.75E-08
6.77€-08
6.75E-08
6.54E-08
6.53E-08
6.49€-08
6.48E-08
6.48E-08
6.48E-08
6.49€E-08
6.53E-08
6.52E-08
6.43E-08
7.11E-08
7.00E-08
7.43E-08
7.42E-08
7.44E-08
7.43E-08
5.26E-08
5.26E-08
5.27E-08
5.27€-08
5.27E-08
5.24E-08
5.28E-08
5.25E-08
8.45E-08
8.43E-08
8.85E-08
8.01E-08
7.85E-08
7.84E-08
7.73E-08
8.43E-08
8.92E-08
8.93E-08
9.07€-08
8.45E-08
8.69E-08
8.07€-08
8.33E-08
8.07€-08

4.75
6.77€-08
6.74E-08
6.74E-08
6.63E-08
6.63E-08
6.62E-08
6.63E-08
6.63E-08
6.41E-08
6.37E-08
6.36E-08
6.35E-08
6.35E-08
6.35E-08
6.35E-08
6.37€-08
6.41E-08
6.32E-08
6.96E-08
6.88E-08
7.28E-08
7.28E-08
7.30E-08
7.30E-08
5.13E-08
5.11E-08
5.16E-08
5.16E-08
5.14E-08
5.11E-08
5.16E-08
5.11E-08
8.31E-08
8.29€-08
8.78E-08
7.90€E-08
7.73€-08
7.73€-08
7.58E-08
8.27E-08
8.77€-08
8.77€-08
8.91E-08
8.31E-08
8.55€-08
7.91€-08
8.20E-08
7.93E-08

DEVICE PASSED ALL TESTS

5
6.66E-08
6.63E-08
6.63E-08
6.53E-08
6.51E-08
6.51€-08
6.51E-08
6.49E-08
6.31E-08
6.26E-08
6.25E-08
6.25E-08
6.25E-08
6.25E-08
6.25E-08
6.27€-08
6.30E-08
6.18E-08
6.86E-08
6.75E-08
7.16E-08
7.16€-08
7.17€-08
7.17€-08
5.03E-08
5.00E-08
5.05E-08
5.05E-08
5.02E-08
4.99E-08
5.04E-08
4.98€-08
8.18E-08
8.15E-08
8.64E-08
7.75E-08
7.59E-08
7.60€E-08
7.43E-08
8.12E-08
8.62E-08
8.63E-08
8.77€-08
8.18E-08
8.42E-08
7.78E-08
8.05€-08
7.80€E-08

95

5.25
6.58E-08
6.53E-08
6.53E-08
6.42E-08
6.41E-08
6.39E-08
6.40E-08
6.37€-08
6.20E-08
6.16E-08
6.14E-08
6.12E-08
6.14E-08
6.13E-08
6.14E-08
6.15E-08
6.20E-08
6.07€-08
6.74€-08
6.64E-08
7.05€E-08
7.04E-08
7.06€-08
7.06E-08
4.92E-08
4.89E-08
4.95E-08
4.93E-08
4.90E-08
4.89E-08
4.93E-08
4.88E-08
8.05E-08
8.02E-08
8.39E-08
7.65€E-08
7.51E-08
7.51€-08
7.33€-08
8.01E-08
8.51E-08
8.50E-08
8.62E-08
8.07€-08
8.28E-08
7.67€-08
7.93E-08
7.68E-08

5.5
6.47€E-08
6.43E-08
6.44E-08
6.33E-08
6.32E-08
6.28€-08
6.32E-08
6.30E-08
6.10E-08
6.06E-08
6.04E-08
6.04€E-08
6.04E-08
6.04E-08
6.05E-08
6.05€-08
6.11E-08
6.00E-08
6.67E-08
6.57E-08
6.93E-08
6.95€-08
6.95E-08
6.95E-08
4.81E-08
4.79€-08
4,84E-08
4.84E-08
4.83E-08
4.79E-08
4.84E-08
4.80E-08
7.95E-08
7.94E-08
8.25E-08
7.58E-08
7.38€-08
7.41E-08
7.23€E-08
7.90€-08
8.39€-08
8.40€-08
8.52E-08
7.95E-08
8.18E-08
7.57€-08
7.83€-08
7.57€-08

-

LIMIT
.5E-07
.5E-07
.BE-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.5E-07
.BE-07
.5E-07
.5E-07
.BE-07
.BE-07
.BE-07
.5E-07
.5E-07
.BE-07
.5E-07
.5E-07
.BE-07
.BE-07
.5E-07
.5E-07
.BE-07
.5E-07
.5E-07
.BE-07
.BE-07
.BE-07
.5E-07
.BE-07
.5E-07
.BE-07
.5E-07
.5E-07
.5E-07
.BE-07
.BE-07
.BE-07
.5E-07
.BE-07
.BE-07
.5E-07
.BE-07
1.5E-07
1.5E-07

-J-J_J—I-I—l—l-‘—l—l—l-l—l-‘—l_ﬂ-l-ﬂ-‘-‘-.

-J—J-J_l-l—l-ﬂd—l—l-l-l—l—.

—IJ—I-J-D-J-J-J—D-J
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JPL Alpha-11  A1020 FPGA Temp: 25 Ser #: 10

03-APR-1992 10:12:56.90 Datecode: 9129 Page:

Source file: alphal11.C:H35
End point: 2000 hrs

Tplh_clk Params: Ins =3.00V/0.00V

vCC 45 4.75 5
Qo 2.73E-08 *  2.59E-08 2.50E-08
Q1 2.80E-08 * 2.67E-08 * 2.55E-08
Q2 4.95E-08 4.82E-08 4.71E-08
Q3 6.32E-08 6.15E-08 6.01E-08
FF1 2.32€-08 2.23€-08 2.16E-08
FF2 2.85E-08 * 2.74E-08 * 2.64E-08 *
TOUT1 4. 59E-08 4.43E-08 4.31E-08
TOUTS 8.66E-08 8.37E-08 8.12€-08
DCEO 8.20E-08 7.89E-08 7.64E-08
DCE1 7.64E-08 7.49E-08 7.38E-08
DCE2 7.21E-08 6.96E-08 6.73E-08
DCE3 7.87E-08 7.70E-08 7.56E-08
DCE4 8.50E-08 8.22E-08 7.95E-08
DCES 7.56E-08 7.42E-08 7.32E-08
DCE6 7.55E-08 7.42E-08 7.31E-08
DCE? 8.90E-08 * 8.58E-08 8.30E-08
DCES8 5.67E-08 5.48E-08 5.34E-08
DCE9 5.57E-08 5.39E-08 5.24E-08
DCE10 5.58E-08 5.40E-08 5.25E-08
DCE11 5.62E-08 5.44E-08 5.30E-08
DCE12 5.45E-08 5.27E-08 5.11E-08
DCE13 5.79E-08 5.58€-08 5.41E-08
DCE14 5.63E-08 5.44E-08 5.30E-08
DCE15 6.18E-08 ~ 5.97E-08 5.81E-08
DCE16 6.04E-08 5.81E-08 5.61E-08
DCE17 6.11E-08 5.88E-08 5.69E-08
DCE18 5.95E-08 5.77E-08 5.61E-08
DCE19 6.23E-08 6.01E-08 5.81E-08
DCE20 6.38E-08 6.11E-08 5.89E-08
DCE21 6.03E-08 5.81E-08 5.62E-08
DCE22 6.12E-08 5.92E-08 5.76€E-08
DCE23 6.43E-08 6.22E-08 6.02E-08
DCE24 5.88E-08 * 5.65E-08 5.44E-08
DCE25 5.36E-08 5.16E-08 4.97E-08
DCE26 5.77E-08 * 5.53E-08 5.34E-08
DCE27 5.32E-08 5.10E-08 4.92E-08
DCE28 5.85E-08 * §5.61E-08* 5.41E-08
DCE29 5.30E-08 5.08E-08 4.91E-08
DCE30 5.58E-08 * 5.34E-08 5.16E-08
DCE31 5.61E-08 5.39€-08 5.21E-08
DCE32 7.01E-08 6.79E-08 6.59E-08
DCE33 6.79E-08 6.52E-08 6.30E-08
DCE34 7.56E-08 * 7.31E-08 * 7.06E-08 *
DCE35 6.83E-08 6.55E-08 6.32E-08
DCE36 7.05E-08 6.79E-08 6.57E-08
DCE37 6.48E-08 *  6.19E-08 5.96E-08
DCE38 6.29E-08 6.05E-08 5.85E-08

96

1

5.25
2.41E-08
2.47€E-08
4.62E-08
5.90E-08
2.08E-08
2.56E-08
4.21E-08
7.90E-08
7.43E-08
7.29€E-08
6.55E-08
7.43E-08
7.73E-08
7.24E-08
7.23E-08
8.08E-08
5.21€E-08
5.11E-08
5.13€-08
5.17e-08
4.98E-08
5.27E-08
5.16E-08
5.66E-08
5.44E-08
5.52E-08
5.49E-08
5.64E-08
5.71E-08
5.47E-08
5.62E-08
5.88E-08
5.27€E-08
4.82E-08
5.17E-08
4.77E-08
5.23E-08
4.75E-08
4.98E-08
5.05E-08
6.44E-08
6.09€-08
6.85E-08
6.12E-08
6.38E-08
5.76E-08
5.68E-08

5.5
2.34E-08
2.39E-08
4.54E-08
5.81E-08
2.03E-08
2.48E-08
4.12E-08
7.71€E-08
7.26E-08
7.20E-08
6.40E-08
7.31E-08
7.55E-08
7.16E-08
7.16E-08
7.89E-08
5.09E-08
5.00&-08
5.01E-08
5.07E-08
4.86E-08
5.15E-08
5.05E-08
5.563E-08
5.31E-08
5.39E-08
5.39E-08
5.50E-08
5.56E-08
5.34E-08
5.51E-08
5.75E-08
5.11E-08
4.70E-08
5.02E-08
4.64E-08
5.08E-08
4.63E-08
4.83E-08
4.91E-08
6.30E-08
5.92E-08
6.66E-08
5.94E-08
6.22€-08
5.59E-08
5.54E-08

LIMIT VALID
@ 5V only
2.68E-08
2.66E-08
5.27E-08
6.94E-08
2.36E-08
2.37E-08
5.45E-08
1.07E-07
8.66E-08
8.73E-08
8.65E-08
8.67E-08
8.60E-08
8.67E-08
8.68E-08
8.64E-08
6.24E-08
6.07E-08
6.01E-08
6.13E-08
5.97E-08
6.10E-08
6.26E-08
6.36E-08
6.44E-08
6.57E-08
6.41E-08
6.29E-08
6.41E-08
6.45E-08
6.51E-08
6.74E-08
5.70E-08
5.57€-08
5.63E-08
5.60E-08
5.50E-08
5.58E-08
5.56E-08
6.16E-08
7.54E-08
6.86E-08
7.02E-08
6.91E-08
7.27E-08
6.30E-08
6.31E-08
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DCE39 6.51E-08 6.21E-08 5.98E-08 5.77E-08 5.61E-08 6.60E-08

MOUT40 8.02E-08 7.71E-08 7.45E-08 7.22E-08 7.06€-08 8.40E-08
MOUT41 8.68E-08 8.41E-08 8.19E-08 7.99E-08 7.83E-08 9.10E-08
MOUT42 8.72E-08 8.42E-08 8.16E-08 7.94€-08 7.75E-08 9.67€-08
MOUT43 9.22E-08 8.93E-08 8.69€-08 8.47E-08 8.30E-08 1.00E-07
MOUT44 8.86E-08 8.62E-08 8.42E-08 8.24E-08 8.10E-08 9.85E-08
MOUT45 8.56E-08 8.32E-08 8.13E-08 7.96E-08 7.82E-08 9.22€E-08
MOUTA46 7.85E-08 7.60E-08 7.39E-08 7.20E-08 7.05E-08 8.92E-08
MOUT47 8.68E-08 8.43E-08 8.18E-08 7.99E-08 7.83E-08 9.00E-08

Tph!_clk Params: Ins =3.00V/0.00V

vCC 4.5 4.75 5 5.25 5.5 LIMIT
Qo 2.53E-08 2.46E-08 2.39E-08 2.33E-08 2.29E-08 2.68E-08
an 2.49E-08 2.40E-08 2.34E-08 2.27€E-08 2.23€-08 2.66E-08
Q2 4.89€-08 4.80E-08 4.71E-08 4.65t-08 4.57E-08 5.27E-08
Q3 6.28E-08 6.18E-08 6.09E-08 6.02E-08 5.94E-08 6.94E-08
FF1 2.23E-08 2.16E-08 2.10E-08 2.05€-08 2.02E-08 2.36E-08
FF2 2.71E-08 * 2.62E-08 * 2.54E-08 * 2.46E-08 * 2.39E-08 * 2.37E-08
TOUT1 5.15E-08 5.06E-08 4.97E-08 4.91E-08 4.86E-08 5.45E-08
TOUTS 4.79E-08 4.71€-08 4.65E-08 4.59E-08 4.54E-08 1.07E-07
DCEO 8.66E-08 8.38E-08 8.14E-08 7.92E-08 7.73E-08 8.66E-08
DCE1 6.59€-08 6.39€-08 6.25E-08 6.12E-08 6.01E-08 8.73E-08
DCE2 7.76E-08 7.60E-08 7.47€E-08 7.36E-08 7.26E-08 8.65E-08
DCE3 7.89E-08 7.74E-08 7.61E-08 7.50E-08 7.40E-08 8.67E-08
DCE4 8.34E-08 8.05E-08 7.78E-08 7.57E-08 7.38E-08 8.60E-08
DCES 6.40E-08 6.23E-08 6.09E-08 5.94E-08 5.82E-08 8.67E-08
DCE6 6.59E-08 6.35E-08 6.15E-08 5.96E-08 5.81E-08 8.68E-08
DCE7 6.54E-08 6.31E-08 6.10E-08 5.92E-08 5.77E-08 8.64E-08
DCES 5.60E-08 5.44E-08 5.30E-08 5.19E-08 5.08€E-08 6.24E-08
DCE9 5.61E-08 5.44E-08 5.31E-08 5.19E-08 5.08E-08 6.07E-08
DCE10 5.33E-08 5.18E-08 5.05E-08 4.93E-08 4.83E-08 6.01E-08
DCE11 5.74E-08 5.58E-08 5.44E-08 5.32€-08 5.21E-08 6.13E-08
DCE12 5.51E-08 5.35E-08 5.21E-08 5.10E-08 4.99E-08 5.97E-08
DCE13 5.72E-08 5.56E-08 5.42E-08 5.30E-08 5.20E-08 6.10E-08
DCE14 5.42E-08 5.26E-08 5.13E-08 5.01E-08 4.90E-08 6.26E-08
DCE15 6.05E-08 5.86E-08 5.72E-08 5.59E-08 5.48E-08 6.36E-08
DCE16 6.05E-08 5.83E-08 5.65E-08 5.49E-08 5.36E-08 6.44E-08
DCE17 6.29E-08 6.06E-08 5.87E-08 5.71E-08 5.57E-08 6.57E-08
DCE18 5.95E-08 5.72E-08 5.55E-08 5.39E-08 5.25E-08 6.41E-08
DCE19 6.02E-08 5.84E-08 5.72E-08 5.60E-08 5.49E-08 6.29E-08
DCE20 6.27E-08 6.06E-08 5.88E-08 5.75E-08 5.63E-08 6.41E-08
DCE21 6.18E-08 5.94E-08 5.78E-08 5.66E-08 5.56E-08 6.45E-08
DCE22 6.36€E-08 6.16E-08 6.01E-08 5.86E-08 5.73E-08 6.51E-08
DCE23 6.31E-08 6.10E-08 5.90E-08 5.75E-08 5.61E-08 6.74E-08
DCE24 5.48E-08 5.29E-08 5.12E-08 4 .96E-08 4.83E-08 5.70€-08
DCE25 5.30E-08 5.11E-08 4.93E-08 4.79E-08 4.66E-08 5.57E-08
DCE26 5.22E-08 5.10E-08 4.97E-08 4.87€-08 4 78E-08 5.63E-08
DCE27 5.52E-08 5.31€-08 5.16€-08 5.02E-08 4.89E-08 5.60E-08
DCE28 5.59E-08 * 5.42E-08 5.28E-08 5.16E-08 5.05€-08 5.50E-08
DCE29 5.61£-08 * 5.42E-08 5.25E-08 5.12E-08 4.98E-08 5.58E-08
DCE30 5.53E-08 5.35E-08 5.17E-08 5.03E-08 4.90€-08 5.56E-08
DCE31 5.85E-08 5.65E-08 5.48E-08 5.34E-08 5.21E-08 6.16E-08
DCE32 7.58E-08 * 7.32E-08 7.08E-08 6.87E-08 6.70E-08 7.54E-08
DCE33 6.36E-08 6.17E-08 6.02E-08 5.88E-08 5.76E-08 6.86E-08
DCE34 7.57€-08 * 7.31E-08 * 7.08E-08 *  6.88E-08 6.78E-08 7.02E-08

ASN10_25.XLS Page 2
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DCE35
DCE36
DCE37
DCE38
DCE39
MOUT40
MOUT41
MOUT42
MOUT43
MOUT44
MOUT45
MOUT46
MOUT47

6.53E-08
7.23E-08
6.12E-08
6.42E-08
6.26E-08
7.74E-08
8.57€-08
8.83E-08
8.91E-08
9.01E-08
8.73E-08
7.77E-08
7.81E-08

6.35E-08
6.97E-08
5.92E-08
6.17E-08
6.07E-08
7.49E-08
8.28E-08
8.63E-08
8.63E-08
8.71E-08
8.44E-08
7.48E-08
7.56E-08

Tin Params: Ins =3.00V/0.00V

vCC
TOUT
TOUTS

4.5
2.80E-08
6.71E-08

4.75
2.69E-08
6.46E-08

Comb_test Params: Ins =3.00V/0.00V

vCC
SEL1
SEL2
SEL3
SEL4
RESET

4.5
8.28E-08
3.08E-08
3.42E-08
4.75E-08
1.17€-07

4.75
8.01E-08
2.95E-08
3.27E-08
4.58E-08
1.13€-07

Set_up Params: Ins =3.00V/0.00V

VvCC
Qo
a1

Q2
Q3
LOAD

4.5
1.49€-08
1.84€-08
1.31E-08
1.73E-08
1.80E-08

475
1.47E-08
1.82E-08
1.31E-08
1.69E-08
1.72E-08

Hold Params: Ins =3.00V/0.00V

vCC
Qo
a1

Q2
Qa3
LOAD

4.5

-2.46E-08
-1.70E-08
-2.19¢E-08
-1.41€E-08

4.75
-1.80E-08
-2.43E-08
-1.67E-08
-2.16E-08
-1.33E-08

Puise width Params: Ins =3.00V/0.00V

vCC
CLKIN

4.5
1.84E-08

4.75
1.83E-08

Puise width Params: Ins =3.00V/0.00V

VCC
RESET

4.5

2.96E-08

4.75
2.91E-08

6.18E-08
6.83E-08
5.78E-08
5.94E-08
5.89E-08
7.28E-08
8.02€-08
8.47E-08
8.39E-08
8.48E-08
8.17€E-08
7.26E-08
7.33E-08

5
2.61E-08
6.25E-08

5
7.78E-08
2.84E-08
3.17E-08
4.43E-08

-1.10E-07

5
1.44E-08
1.77E-08
1.29€-08
1.66E-08
1.66E-08

5
-1.77E-08
-2.43E-08
-1.65E-08
-2.14E-08
-1.28E-08

5

1.81E-08

5
2.85E-08

6.02E-08
6.70E-08
5.65E-08
5.75E-08
5.75E-08
7.09E-08
7.76E-08
8.33E-08
8.18E-08
8.26E-08
7.93E-08
7.07E-08
7.14E-08

5.25
2.54€-08
6.07E-08

5.25
7.60E-08
2.75E-08
3.06E-08
4.30E-08
1.08E-07

5.25
1.42E-08
1.75E-08
1.27E-08
1.64E-08
1.60E-08

5.25
-1.77e-08
-2.41E-08
-1.65E-08
-2.11E-08
-1.23E-08

5.25

1.80E-08

5.25
2.81E-08

DEVICE FAILED 4 TEST(S) @ 5V
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5.88E-08
6.59E-08
5.53E-08
5.62E-08
5.62E-08
6.92E-08
7.56E-08
8.20E-08
8.01E-08
8.09E-08
7.74€-08
6.89E-08
6.98E-08

5.5
2.48E-08
5.90E-08

5.5
7.42E-08
2.68E-08
2.97€-08
4.20E-08
1.06E-07

5.6
1.40E-08
1.73E-08
1.25E-08
1.62E-08
1.56E-08

5.5
-1.77E-08
-2.41E-08
-1.63E-08
-2.09€-08
-1.19E-08

5.5

1.80E-08

5.5
2.77E-08

ASN10_25.XLS

6.91E-08
7.27€E-08
6.30E-08
6.31E-08
6.60E-08
8.40E-08
9.10E-08
9.67E-08
1.00E-07
9.85E-08
9.22E-08
8.92E-08
9.00E-08

LIMIT
3.15E-08
8.76E-08

LIMIT
0.00000015
0.00000015
0.00000015
0.00000015
0.00000015

LIMIT
-20/+50 E-9
-20/+ 50 E-9
-20/+50 E-9
-20/+50 E-9
-20/+50 E-9

LIMIT
-40e-9/0
-40e-9/0
-40e-9/0
-40e-9/0
-40e-9/0

LIMIT
0.00000005

LIMIT
0.00000005
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SECTION 2.6
Life Test Results






‘ JPL/HUGHES AIRCRAFT DATA SUMMARY
ACTEL 1020 FPGA 2000 hours LIFE TEST RESULTS

| r'

| PARAMETRIC RESULTS

| ]

1 1 | |

[TEMP: -65°C T0 125°C

[vCC: 4,50V T0 5.50V

| |

| VOH J VoL ISB liL liH 1021 10ZH 108 10SP VIH ViL
Unit #1 [control [control  |control jcontrol control _[control  |control  |control  [control |control (control
Unit #2 pass pass Tpass pass pass pass pass pass pass pass .pass
Unit #3 pass pass pass pass pass pass pass pass pass pass pass
Unit #44 pass pass pass pass pass pass pass pass pass pass pass
Unit #5 pass pass pass pass pass pass pass pass pass pass pass
Unit #8 pass pass pass pass pass pass pass pass pass pass pass
Unit #7 pass pass pass pass pass pass pass pass pass pass pass
Unit #7 pass pass pass pass pass pass pass pass pass pass pass
Unit #8 pass pass pass pass pass pass pass pass pass pass pass
Unit #3 pass pass pass pass pass pass pass pass pass pass pass
Unit #10  pass pass pass pass pass pass pass pass pass pass pass
Unit #11 pass pass pass pass pass pass pass pass pass pass pass
Max Limit | 5.50V 400mv | 25ma 10ua 10ua 10ua 10ua -100ma | 140ma | 2.00v 2.00v
Max Value |5.2617v | 129.6mv 0.305na | 7.9na 0.85na | 8.3na -19.5ma | 87.62ma | 1.65v 1.4922v
Min Limit | 3.7v 0.00v -10ua -10ua -10ua -10ua -10ma 20ma 0.800v | 0.800v
Min Value | 4.154v | 92.96mv | Oma 07na_ /-02na  -1.0na | -1.0na  |-335ma |55.3ma | 1.2617v | 1.041v

ALL UNITS PASSED TEMPERATURE AND VOLTAGE RANGE
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SECTION 2.7
Anomalous Behavior of Device Inputs

PREGEDING PAGE BLANK NOT FILMEL






The junns Hooxins L niveryey

Appited Phvsics Laboratorv
Laurel. Marviand 207236099

S2F-92-0101
March 30, 1992
TO: W. S. Devereux (HADR9BFXSOR)

FROM: R. C. Moore
SUBJECT: Anomalous Behavior of Actel 1020 FPGA Inputs

During checkout of the first EGTT engineering and GSE models
we have discovered what appears to be a potential applications
problem with logic inputs of the Actel A1020 2000-gate field-
programmable gate array (FPGA). The problem involves inputs that
behave briefly as outputs during power turn-on. This memorandum
documents our findings to date, indicates certain applications that
may be vuinerable to the effects of this problem, and indicates the
steps I recommend to avoid those effects.

During power-on, the +5V logic supply rail of a flight electronics
system typically rises from OV to +5V in 50 ms or less. Because the
regulator output is current-limited during this transition, the rise is
more or less linear, with a slope in the range from 0.1 V/ms to 5
V/ms. The Actel 1020 FPGA has a universal pad driver design that
may be configured as an input, output, three-state output, or bi-
directional input/output. This configuration of the pad driver is ac-
complished by programming “anti-fuses” in the pad driver circuitry.
Unfortunately, as the +5V logic supply rail passes through the region
from approximately 2.2V through 2.5V, pad drivers that have been
programmed as inputs may behave temporarily as outputs that are
in the logic-H state. These input pins therefore will temporarily
source current (approximately 8-10 mA, if not otherwise limited)
into whatever driver is connected to them. They will be sourcing this
current from the +5V logic rail, which at this time is at 2.2-2.5 volts.

The duration of this input anomaly is a function of the power rail
rise time. For +5V rails that come up quickly, at 5 V/ms, the duration
of the problem will be only ~60 pus. For supply rails that rise slowly,
at 0.1 V/ms, the duration of the problem will be 3 ms. In the former
case, the Actel 1020 input can deliver as much as 0.6 uC to the circuit
that drives it; in the latter case, the charge is as much as 30 uC. For
many driver circuits, this amount of charge is insignificant; however,
for others it can be quite upsetting.
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Anomalous Behavior of Actel 1020 FPGA Inputs  S2F-92-0101 Page 2

+5V
1N5711 1 MQ —I—
POR| ACTEL

1020

|o.1 uF
GROUND

Figure 1: Typical POR Circuit for CMOS FPGA

Consider, for example, the typical power-on reset (POR) drcuit of
Figure 1. A capacitor is charged through a resistance to the +5V logic
supply rail, using a time constant that is larger than the supply rail
rise time, so that the input to the Actel 1020 is briefly at logic L during
power-on, then remains at logic H until power-off. A diode across
the resistor is used to discharge the POR capacitor at power-off.
Using the 0.1 uF capacitance shown in Figure 1, 10 mA of unexpected
current out of the Actel 1020 input will result in a voltage rise rate on
the capaditor of Av/At =i/C =0.1 V/us. If the logic supply rail takes
at least 25 us to pass through the range from 2.2V to 2.5V, the Actel
input anomaly will charge the POR capacitor to almost 2.5V during
power-on. This is enough to place _POR at a logic H for the rest of
the power supply rail rise time, thereby defeating the intent of the
circuit designer. Clearly, in this case at least, this is an unadvertised
“feature” of the Actel 1020 input that is definitely not desirable!

This problem has an easy solution: insert a series resistance in the
Actel input line of sufficient size to limit the effect of the anomaly to a
safe value. In the case of the POR dircuit, the series resistance must
be chosen so as to keep Av < 1V (to guarantee that POR remains at a
logic L following the anomaly, when the logic supply rail is at ~2.5V).
For a power rail rise rate of 0.1 V/ms, for example, the anomaly
duration will be about 3 ms. This means that, for a POR capacitance
of 0.1 uF, the current out of the Actel 1020 input must be limited to i =
C Av/At =0.1 uF -1V /3 ms =33 pwA. This can be achieved using a
resistance of 2.24 V /33 pA = 68 kQ.
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Ancmalous Behavior of Actel 1020 FPGA Inputs S2F-92-0101 Page 3
+5V
1N5711 1 MQ i
POR| ACTEL

1020

0.1 uF ——68kQ

GROUND

Figure 2: POR Circuit with Current-limiting Resistor

supply current, typically as much as 5060 mA above normal. This
rise in supply current should pose no great problem for the typical
+35V regulator, but be sure you de-couple the Actel 1020 locally.

driven by multiple three-state output drivers), [ strongly recommend
that the bus driver(s) be three-stated during POR. This could save

Robert C. Moore
EGTT Baseband Design
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SECTION 2.8
Radiation Data Dose Rate
(See Subsection 3.1)
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SECTION 3.0
Actel 1280 (1.2 pm)
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SECTION 3.1
Radiation Data Dose Rate (ACT I&II)
(Magnavox)
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FPGA REPORT

MAGNAVOX ELECTRONIC SYSTEMS REPORT
DOSE RATE TEST

PRODUCT: CMOS FIELD PROGRAMMABLE GATE ARRAY
MANUFACTURING BY: MATSUSHITA
DEVICE: A1020 2 MICRON & A1280 1.2 MICRON

EVALUATED BY: MAGNAVOX ELECTRONICS SYSTEMS
COMPANY

REF: DOSE RATE TEST REPORT FOR THE ACTEL 1 & 11
ASIC's, MARCH 1992
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1. ABSTRACT

Actel Corporation's ACT I (A1020) and ACT II (A1280) CMOS ASICs were dose
rate tested at the Rockwell Autonetics Radiation Lab in Anaheim, CA on February 21,
1992. Five ACT I and two ACT II devices were checked for dose rate induced upset (U)
latchup (LU) and burnout (BO). Each sample was programmed so that 95% of its gates
were utilized in a series of combinatonal logic so that no matter where in the series an upset
occurred it could be observed on an output.

The ACT I devices were of the same variety: Actel part number A1020, Magnavox
part number 6BI3 and LDC 9132. The ACT II devices (A1280, LDC ES9143) were
programmed slightly different from each other: Magnavox part number F6D2 was
programmed with 6 outputs; SDE7 with 3.

None of the parts exhibited latchup or burnout through =3 x 109 rad(Si)/s (17 ns
FWHM). However, 3 forms of upset observed in these devices: Ul) An output voltage
transient of greater than or equal to 1 V (somewhat arbitrary threshold, many circuits can
tolerate more); U2) A lost or shortened output pulse; and U3) the output railed either HIGH
or LOW and required a manual RESET to resume normal operation.

The ACT I exhibited a highest no Ul threshold of 1.14 x 108 rad(Si)/s
(0.50/90%), 8.71 x 107 (0.99/90%); a highest no U2 threshold of 1.82 x 108 rad(Si)/s
(0.50/90%), 5.19 x 107 (0.99/90%); and a highest no U3 threshold of
2.53 x 108 rad(Si)/s (0.50/90%), 1.87 x 107 (0.99/90%).

The low sample size of ACT II devices precludes any meaningful statistical
manipulations. The one sample of F6D2 demonstrated a highest no Ul of
8.34 x 107 rad(Si)/s and a_highest no U2 of 2.65«x 108 rad(Si)/s. U3 was not
observed in the F6D2. The one sample of SDE7 showed a highest no Ul of
8.52 x 107 rad(Si)/s and a highest no U2 and U3 of 3.43 x 108 rad(Si)/s.
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2. RADIATION FACILITIES AND DOSIMETRY

2.1 Source

Dose rate testing was performed at the Rockwell International Autonetics Division's
Feberon 705 Flash X-Ray facility located in Anaheim, California. The Febetron 705
73 MeV FXR Machine, made by Hewlett Packard, was used to simulate transient
ionization effects which produce photocurrents in semiconductors. The parts can be tested

for upset threshold, latchup threshold, or survivability with varying radiation levels of the
FXR pulse.

The FXR can be used to simulate electron beam energy or bremsstrahlung
conversion into x-ray. The machine uses a bank of capacitors charged in parallel and
discharged in series by means of spark gap switches. An electron beam is generated by
discharging through a field-emission cathode vacuum tube. A magnetic coil around the
discharge tube produces a magnetic field which focuses the electron beam. The anode

material determines the mode of operaton.

This test used the Febetron in the x-ray mode. In this mode, a tantalum plate is
used 1o convert the electron beam energy into bremsstrahlung x-radiadon. A maximum
dose of 1 krad(Si) can be achieved. For the electron beam mode, the tantalum plate is
removed and a beam collimator is attached. The maximum dose which can be obtained is
1 Mrad(Si). In both cases the radiation is delivered in a nominal 15 ns (FWHM). The

Febetron 705 Flash X-Ray Machine and operating parameters are shown in
Figure 2.1.1-1.

The dose rate can be adjusted by varying the distance between the object to be
exposed and the FXR face plate. This is plotted in Figure 2.1.1-2 for both the electron
beam and the x-ray modes. In the x-ray mode, the dose is a function of 1/d (d being the
distance). Isodose contours are depicted in Figure 2.1.1-3. The exposure area also
changes with distance; in the electron beam mode it ranges from 1/ " diameter at the face
plate to a 12" diameter at 100 inches away (dose rate equal to 3 x 10° rad(Si)/s).
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Flash X-Ray Parameters

Maximum Charging Voltage 35kV
Maximum Electron Energy 2.3 MeV
Average Electron Energy 1.4 MeV

Total Beam Energy per Pulse 400 J
Maximum Pulse Repetition Rate 2 pulses/min
Pulse Width 15 ns (FWHM)
Electron Beam Mode

Maximum dose 1 Mrad(Si)

Dose Rate Range (1" to 100™)
Peak Electron Energy Fluence/Pulse

3x 107 10 1 x 10° rad(Siys
approx. 25 cal/cm?

Flash X-Ray (Bremsstrahlung) Mode (Tantalum Target)

Maximum dose
Dose Rate (1" from face plate)
Mean Photon Energy

1 krad(Si) (touching face plate, narrow beam)
3 x 10° rd(Si)/s
approx. 700 keV

Figure 2.1.1-1 Febetron 705 Flash X-Ray Machine
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Figure 2.1.1-2 Flash X-Ray Dose Rate Variation with Distance
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The device under test (DUT) and support circuitry (loads, line drivers, etc.) are
housed in an RF shielded enclosure. Support circuitry is further shielded by lead and
aluminum laminations to minimize false signals. In support of FXR radiation testing, real
time monitoring of the DUT is accomplished using the Digital Signal Analysis System
which consists of nineteen transient waveform digitizers. These include Tektronix 7912AD
and RTD710, and LeCroy 8828C and 6880A.

2.1.2 Dosimetry

Active dosimetry for measuring dose rate is provided at the Flash X-Ray source.
Calibrated radiation detector diodes provide pulse waveforms that appear on a digitizer
screen. Other dosimetry such as TLD and Calcium Fluoride capsule is also available as an
option. The calibration of all sources are directly traceable to the National Institute of
Standards and Technology.
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4. TEST RESULTS

The ACT I (B613) and ACT II (F6D2 and 5DE?7) test results are summarized in
Tables 4.1-1, 4.1-2 and 4.1-3. Raw test data is presented in Appenc}ix A-1 (B6I3), A-2
(F6D2) and A-3 (SDE7) in order of increasing sample number and increasing radiation

level.
Table 4.1-1. ACT I Dose Rate Test Results.
Dosc Rate Upset Type
@ 15ns FWHM Transient Lost/Shortened Rail
Sample # {rad(Si)/s] Shot # 1 ] V] 2 3 { Mamual Reser Latchup Bumout Commemnt
ACT I, B613 Actel A1020 CMOS ASIC (LDC = 9132, Sample Size = 5)
1 6.26E+07 50 no 04 DO no no oo no
8.63E+07 51 no 0.7 no oo no no no
1.28E+08 52 no 0.8 no Do oo no no
1.30E+08 1 no 0.8 oo DO no no no
3.90E+08 2 - - - YES YES no no
2 S.89E+(7 49 no 0.60 Do no no no no
8.14E+07 48 no 0.70 no oo no no no
1.2SE+08 47 no 0.80 no no no no no
1.99E+08 13 YES 1.60 no oo no no no
2B1E+08 14 YES 2.00 no o no no no
3.27E+08 16 - - YES no no no no pulse shoriened
4.06E+08 15 - - - YES YES no oo
2.80E+9 18 - - - YES YES no no
285E+(9 17 - - - YES YES no no
3 S.79E+07 44 no 0.40 o o Do no no
8.90E+07 45 no 0.60 o no no no no
1.23E+08 46 no 0.80 Do Do Do no no
241E+08 26 YES 1.60 Do Do Do no no
274E+08 25 - - YES oo oo no no pulse shortened
3. 79E+08 20 - - YES no no no no pulse lost
4.55E+08 21 - - YES no oo no no pulse shortened
5.73E+08 22 - - YES 0o no no no pulse lost
9.29E+08 23 Not Likely - Maybe Do no no no upset maskedt
1.01E+9 24 - - - YES YES no no
2.78E+9 19 . - - YES YES no no
4 =0 28 no - o 0o no no no noisc shot
=0 29 no - Do no no no no noise shot
9.73E+07 32 no 0.00 no oo no no oo
1.23E+08 31 no _ 0.90 no Do no no no
1.99E+08 30 YES 1.60 no no oo oo no
244E+08 27 YES 1.80 oo no no oo oo
278E+08 34 - - YES no no no no pulsc shorzped
3.82E+08 33 - - - YES YES oo no ’
250E+09 35 Not Likely - Maybe Not Likely no no no upset maskedt
5 S.61E+07 43 oo 0.30 no no no no no
8.26E+07 42 no 0.70 no no no no no
1.10E+08 41 no 0.80 Do no no no no
1.23E+08 40 YES 1.40 no 0o no no no
271E+08 39 YES 1.90 no Do no no no
3.07E+08 38 - - YES oo no no no pulse shortened
3.65E+08 37 - - - YES YES no no
280E+09 36 - - - YES YES no no

t Dose rate occurred on H to L transision and may have masked the upsct

Upset | (U1) is a ourput voltage wansicnt of greater than or equalto 1 V.

Upset 2(U2) is a lost or shortened output pulse

Upset 3 (U3) is where the output raiicd cither HIGH or LOW and a mamual RESET was foqUICd Lo 1THWNC UpP<T AL
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Table 4.1-2.

ACT II Dose Rate Test Results.

Dose Rate Upset Type
@ 15ns FWHM Transient Lost/Shortened Rail
Sampic # [rad(Si)s] Shot # 1 ™ 2 3 |Mamal Reset| Lawchup | Bumout Comment
ACT 11, F6D2 6 output Actel A1280 CMOS ASIC (LDC = ES9143, Sample Size = 1)

1 5.80E+07 5s no 0.60 no no no no no
3.34E+07 54 no 0.80 no no no no no
1.26E+08 3 YES 1.20 no no no no no
1.26E+08 s3 YES 1.10 no no no no no
2.06E+08 S YES 1.80 no no no no no
260E+08 57 YES 2.00 Do no no no no
267E+08 58 YES 2.20 no no no no no
3.90E+08 4 - - YES no no no no pulse shortened
2.60E+09 6 - - YES no no no no pulsc lost

ACT 1. 5DE7 3 output Actel A1280 CMOS ASIC (LDC = ES9143, Sample Size = 1)

s 6.09E+07 61 no 0.80 no Do no no no
8.52E+07 60 no 0.80 no no no no no
1.25E+08 59 YES 1.00 0o Do no no no
2.09E+08 9 YES 1.80 no oo no no no
2 84E+08 10 YES 2.40 no no no no no
3.43E+08 11 YES 2.80 Do no no no no
3.91E+08 8 - - - YES YES no no
4.00E+08 12 - - - YES YES no no
2.71E+09 7 - - YES no no no no pulse shartened

Upset 1 (U1) is a output vollage wansient of greater than or equal 1o 1Vv.
Upset 2 (U2) is a lost or shortened output pulse

Upset 3 (U3) is where the ourput railed either HIGH or LOW and a manual RESET was required to resumne operanon.

Table 4.1-3.

ACT I and ACT O Dose Rate Test Results Summary.

Data summary for ail ACT | and ACT Il devices

122

Highest Lowest Highest Lowest Highest Lowest
Device Type Pan # Sample # No Ul Ul No U2 uz2 No U3 9]
ACTI B6I3 1 - - 130E+08 3.90E+08 - -
2 1.25SE+08 | 1.99E+08 2.81E+08 327TE+08 3.27E+08 4. 06E+08
3 1.23E+08 241E+08 241E+08 2.74E+08 9.29E+08 1.01E+09%
4 1.23E+08 1.99E+08 2 44E+08 2.78E+08 2.78E+08 3.82E+08
5 1.10E+08 | 123E+08 2.71E+08 3.07E+08 3.07TE+08 3.65E+08
ACT U Fé6D2 1 8.34E+07 | 126E+08 2.65E+08 390E+08 - -
SDE7 1 8.52E+07 | 1.25E+08 343E+08 2.71E+09 3.43E+08 3.91E+08
Log normal statistical manipulation of ACT 1 results
LN(No U | IN(No U2)| LNMNo U3)
ACT 1 Bel3 i - 1.87E+01 -
2 1.86E+01 1.95E+01 1.96E+01
3 1.86E+01 193E+01 206E+01
4 1.86E+01 | 1.93E+01 1.94E+01
S 1.8SE+01 | 1.94E+01 1.95E+01
Mean| 1.86E+01 | 1.92E+01 1.98E+01
Std Devl 5.908-02 | 3.1SE-01 S.64ED1
k(4)=0.819; k(5)=0.686 050/90%] 1.86E+01 | 1.90E+01 1.93E+01
K(4)=5.437: k(5)=4.666  099/90%| 1.83E+01 | 1.78E+01 1.67E+01
exp(0.50/90%)| L14E+08 L82E+08 1.53E.08
cxp(0.99/90%)| 8.71E+07 | 5.19E+07 LS7E+07
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1.0 INTRODUCTION

This document reports results for gamma-rate response testing of a
specific configuration of ACTEL 1280 Gate Arrays in a Flash X-ray

(FXR) environment.

The parts were tested using the TRW Febetron FXR machine. The FWHM
pulse width was 22 nanoseconds.

The primary objective was to test for burnout at the highest
available levels while noting if any latchup had occurred. a
secondary objective was to collect upset data.

2.0 TEST SAMPLES

The test samples were identified as ACTEL Al1280 PG176 E3, lot date
code 9143. Four samples were irradiated. These were identified as
SN 1, SN 2, SN 3 and SN 4.

The arrays were configured with two different paths for data flow as
shown in Figure 1. These paths were essentially constructed as
rings of 32-bit shift register blocks sharing a reset circuit (note
reset flip-flop). While separate clock lines were available, the
input pins were wired together for these tests. Path 1 whose
outputs have been labeled A and B had seventeen shift register
blocks. Path 2 (outputs A’ and B’) had eight register blocks. Note
that the 32-bit register block in the two paths were built
differently. Additional details can be obtained from the TRW
Components Engineering Department.

3.0 TEST DESCRIPTION
The test system configuration is shown in Figure 2.

All tests were conducted at la* ..at_ry ambient temperature with

VCC = 5.0V. Both static and dynamic exposures were obtained. When
a clock was used, the period was approximately 7 milliseconds with a
Clock pulse level of 4 volts and a width of 2 milliseconds.

The VCC line was stiffened with 200 ufd of capacitance located
approximately eight inches from the DUT card and shielded with lead.
Additionally, two 4.7 ufd ceramic capacitors were connected between
the VCC pin and the DUT card ground plane.

A CT-2 AC current probe was used to obtain transient current
photographs. When the DUT peak photo currents were recorded, the
CT-2 was moved from its normal location (as shown in Figure 2) to
the DUT side of the 4.7 ufd capacitors. However, for the actual
burnout and latchup tests, the CT-2 was on the supply side of the
4.7 ufd capacitors in order to provide maximum stiffening.
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Line drivers located approximately twelve inches from the DUT and
shielded with lead were used to monitor the output responses.

The tests were connected both with and without an RF type cassette
enclosing the DUT card and line drivers.
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4.0 TEST RESULTS

4.1 Upset Testing

Three types of "upset" were noted. These were:
a) transient output disturbance only

b) shortened output pulse (logic level transition
coincided with the radiation pulse but with no
additional data errors)

c) data errors evident after the pulse and reset
therefore required

4.1.1 Transients and Shortened Pulses

The lowest gamma dose level capable of causing an output disturbance
of approximately 1.3 volts but without the outputs transitioning was
approximately 11 rads (SE8 rads/second).

With very little additional dose the outputs would transition
coincident with the radiation, resulting in a single shortened pulse
followed by the normal data stream. Figure 3 provides photographs
for SN 1, Path 1 at 12 rads (5.5E8 rads/second).

4.1.2 Permanent Data Errors

All four parts were tested for this upset mode on Path 1. Only SN 3
and SN 4 were tested for this mode on Path 2.

Note that this upset mode may be expected to disappear at higher
test levels since the on-chip reset flip-flop could generate 1its own
reset. Thus, an apparent upset nwindow" could occur. This indeed
was observed as the levels were increased and the need for a reset

disappeared.

Table 1 provides key test levels that did or did not result in the
need for a reset. There is some overlap in the levels and this
could be related to a combination of dosimetry accuracy, DUT state
sensitivity (e.g. clock high or clock low), and the presence of the
on-chip reset circuitry. Nevertheless, the data are taken to
indicate a threshold of 20-25 rads or approximately 1E9 rads/second.

Table 2 provides the data for path 2. The threshold is apparently
the same.

Figure 4 provides oscilloscope traces taken during and immediately
after a 25 rad shot of SN 3. In this case, both paths had multiple
data errors that lasted until a reset was applied.

Figure 5 provides oscilloscope traces taken during and immediately
after a 30 rad shot of SN 3. In this case, Path 2 showed no lasting
errors, but Path 1 was completely "shut down" or was circulating all
zeroes. This result was observed several times. 1In all cases, the
condition was cleared when the reset was applied.
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TABLE 1 - UPSET DATA, PATH 1 PERMANENT DATA ERRORS

H056.12.TCL.92-048

Page 8

SN No Reset Needed at (Rads) Reset Needed at (Rads) Notes
1 12, 17, 20, 22, 28 21, 32, 43, 45
2 18, 25, 26 34, 35
3 15, 18, 19, 25, 31, 32 25, 30, 33, 34, 41, 43
4 15, 16, 21, 22, 23, 24, 32, 34, 36

25, 30, 35, 39, 40

TABLE 2 - UPSET DATA, PATH 2 PERMANENT DATA ERRORS

SN No Reset Needed at (Rads) Reset Needed at (Rads) Notes
3 15, 19, 25, 30, 31, 33, 25, 44

37, 38
4 15, 16, 21, 25, 30, 34, 22, 23, 25

36, 40, 42
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4.2 Latchup/Burnout Testing

All four parts were exposed to a sequence of high level irradiations
to check for latchup or burnout.

The supply voltage was 5.0V and no current limiting resistors were
used.

All parts were tested to levels above 1E11 rads/second. Based upon
the transient supply current waveforms, the pre- and post-exposure
recordings of steady state current, and the photographs of the
output waveforms, no latchup was observed. ©No obvious burnout
damage occurred in that the parts were still functioning.

It should be noted that the high level pulses were observed to
increase the values of the supply current for all four samples. The
pre- and post-exposure values for ICC are given in Tables 3 and 4,
along with the exposure levels. After each radiation pulse for
which an increase in supply current was induced, it was noted that
the level was slowly but continuously decreasing. In fact,
approximately three weeks after SN 1 and SN 2 were exposed, their
supply currents had decreased from 17mA and 59mA to 4.5mA and 20mA.
Over the period of a weekend, SN 3 and SN 4 currents decreased from
7mA and 3mA to 3.6mA and 2.6mA. It may be that the observed
increases are due to dose accumulation as opposed to photocurrent

induced stressing.

Figure 6 provides supply current response photographs for SN 3 at
300, 1600 and 1950 rads or 1.4E10, 7.3E10 and 8.9E10 rads/second.
The peak current was 9A at 300 rads and 15A at 1950 rads. The
corresponding pulse widths were 150 nanoseconds and 350 nanoseconds.
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TABLE 3 - LATCHUP/BURNOUT TEST LEVELS FOR SN 1 AND SN 2

ICC (mA)
Test Level
SN Test Rads (S1i) Pre Post Notes (1)
1 1 803 0.9 1.1
1 2 2355 1.0 1.0
1 3 3355 2.1 5.4
1 4 1866 3.1 7.0
1 5 2026 9.4 8.0
1 6 2900 8 17 (2)
2 7 533 0.0 0.0
2 8 2400 0.0 3.0
2 9 3236 0.1 6.0
2 10 2170 3.0 16 (3)
2 11 920 14 26 (4)
2 12 1673 29 59
NOTES:

1. For tests 1-5, 7-9 and 12 the dose readings are the
average of two dosimeters located at the center of
the DUT package 1lid.

3]

For test 6, the value is the average of five
dosimeters located at the corners and center of the
package lid. The readings ranged from 2000-4000
rads.

3. The dose value is the average of two readings from
opposite corners of the package 1id. Readings were
2947 and 1396.

4. The dose value is the average of two readings from

opposite corners of the package 1id. Readings were
1130 and 707.
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TABLE 4 - LATCHUP/BURNOUT TEST LEVELS FOR SN 3 AND SN 4

ICC (mA)

Test Level
SN Test Rads (S1i) Pre Post Remarks
3 13 575 0.3 0.4
3 14 1026 0.3 0.4
3 15 314 0.4 0.4
3 16 602 0.4 0.6
3 17 1617 0.5 1.0
3 18 1963 0.7 1.7 2413/1513
3 195 2795 1.7 3.2 2700/2890
3 20 1187 3.1 3.9 1269/1125
4 21 742 0.3 0.3
4 22 750 0.3 0.4
4 23 750 0.4 0.5
4 24 750 0.6 0.7
4 25 750 0.7 1.2
4 26 750 1.2 1.7
4 27 1382 1.0 1.7
3 28 2922 3.6 7.0 2865/2980
4 29 2818 1.2 3.0 2875/2762
4 30 1075 2.6 3.6
4 31 1836 3.1 4.0 1684/1988
Notes:

1. For shots 18-20, 28, 29 and 31,
average for two dosimeter readings near the center of
the device package 1lid.
given under Remarks.

the level is the

Individual readings are

2. Shots 22-26 were made in rapid succession without
moving the setup and a total dose of 3750 rads was
obtained from a single reading.
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5.0 SUMMARY

This configuration of ACTEL 1280 gate arrays will upset at 5ES8
rads/second (22 nanosecond pulse). At this level, either the output
transients are sufficient to generate errors in downstream circuits,
or the array outputs themselves may change state at the radiation
pulse (but with no internal errors). At approximately 1E9
rads/second, internal errors are generated and a reset is necessary.

The four samples did not suffer any hard latchup and continued to
function after levels above 1E11 rads/second where peak currents of
15A were generated. A small current limiting resistor should be
used to reduce this photocurrent level.

The test samples should undergo a complete set of electrical
measurements to ensure that parameters other than the operating

current were not significantly degraded.
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AEROSPACE CORPORATION SUMMARY REPORT

PRODUCT: CMOS FIELD PROGRAMMABLE GATE ARRAY

MANUFACTURING BY: MATSUSHITA

DEVICE: ACT1010/ACT1020 (2.0 micron); ACT1280 (1.2 micron)

EVALUATED BY: AEROSPACE CORPORATION

Ref. (1)Single Event Effects Testing Report by R.Koga

Ref. (2)Single Event Upset and Latchup Susceptibilities of Actel A1280 CMOS
Field Programmable Gate Array Report by R.Koga & S.J.Hansel

EVALUATIONS:
A1280 SINGLE EVENT UPSET (SEU) and LATCHUP SUSCEPTIBILITY

Data was taken on four devices each of which was programmed using four
sequential ring counters and four combinatorial ring counters. Each device module
was programmed as a multiple twisted ring counter using 60 D-type flip-flops.

All programming was accomplished with antifuse elements. The programming
was performed by ACTEL.

The test measurement was accomplished by by comparing the correct output signature
of an unexposed device to the device that is exposed to the ion beam. Each device
tested is exposed to a number of cycles while a sufficient number of output errors

is accumulated and recorded. During exposure the power supply current was also
monitored to detect latchup. SEU and latchup measurements were taken at room
temperature and at 100°C.

Test results show that null latchup results were measured at the effective LET's
ranging from 15 to 120 Mev/(mg/cm2). The SEU measurements were taken and
plotted as (cm2/240 flip-flops) vs LET[MeV/{mg/cm2)]; See figure 3. Examination
of the data shows that C-modules are less vulnerable than S-modues for SEU.

At 100°C the results are identical.

A1010/A1020 SINGLE EVENT UPSET (SEU) and LATCHUP SUSCEPTIBILITY

The parts evaluated for SEU were exposed to Xe(603 MeV), Kr{380 MeV),Cu(290 MeV),
and Ar {180 MeV) ion beams. They were programmed as muitiple twisted ring counters
each of which was 10 bits long. The A1010 and A1020 were programmed to hold four
and five ring counters which contained 40 and 50 vulnerable bits.

The test measurement was done similarly as described for the A1280.

Test results show that null latchup results were measured at the effective LET's

ranging from 15 to 120 Mev/(mg/cm2}. The SEU measurements were taken and

plotted as (cm2/ 40 or 50 flip-flops) vs LET[MeV/(mg/cm2)]. From the data it is seen

that the A1010 and A1020 have similar susceptibilities. The test results at 80°C

and 100°C are nearly identical to those at room temperature. Null latchup were measured
at effective LETs ranging from 15 to 120 MeV/(mg/cm2). See figure 4 and 5.

Post SEU testing of antifuses at 100°C revealed some errors. However it is speculated
these errors were the result of using commercial devices rated and tested to 70°C.
There was also some indication of mishandling the parts after SEU testing.
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Figure 3. SEU Test Results for Al280
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PARTS INFORMATION PROGRAM

ELECTRONIC PARTS RELIABILITY SECTION
PIP No.__ ™~

JPLU

Jet Propulsion Laboratory '
Cahlornia Institute of Technoiogy DATE 13 April 1992

SUBJECT:

Preliminary Product Analysis (PA) of ACT-21280B (1.2 pm) CMOS Field Programmable Gate
Array (FPGA) Si-chip manufactured by Actel Corp.

SUMMARY:
Two ACT-21280B Si-chip samples (lot #UH-01, PC #18340) were submitted to the JPL LSI
Group for destructive product analysis. This PA effort is a part of the JPL/NASA Quality
Assurance Program in support of selection and qualification of field programmable gate
array CMOS devices considered for use in flight hardware systems for the Earth Observation
System (EOS) and Cassini Missions.

The evaluation results provide initial insight into the quality of FPGA Chip
materials structures, and particularly into the quality of metal step coverage of chip
two-level (Si-Cu-doped aluminum) metal interconnections which are as follows:

1) SEM examination of laterally exposed metal-2 and metal-1 interconnections show
clean metal line width patterns, and alignment of metal-2 to metal-1l contacts,
and metal-2 step coverage thickness over intrametal dielectrics and metal-1,
as shown in Figures 3a through 5a.

2) SEM examination of two cross-sectioned chip segments: Figures 8a through 13d
show identified cross-sectioned structures of metal-2 and metal-1 with
thickness definition and step coverage quality. Metal-2 nominal thickness is
approximately 1.1 um thick compared with metal-2 thin step coverage features
in intrametal Si0O, via sidewalls to metal-1l contacts, and metal-2 thinning
step coverage over unplanarized Spin-on Oxide (SOG) and Low Temperature Oxide
(LTO) steps of intrametal dielectric above metal-1 contacts. These steps vary
from 0.18 pm to 0.35 um in thickness, as shown in Figures 8a, 9a, 94, 1ld and
13c.

SOURCE OF INFORMATION:

JPL LSI Engineering Group, Section 514, S. Suszko.

4-1716 or
4-7709

FOR ADDITIONAL INFORMATION CONTACT: Stefan Suszko EXT:

APPROVED: _ O Udosr

Group Supervisor - LS1 Engineering Group
147 JPL 21921 11790
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Metal-1 nominal thickness is approximately 0.75 um compared with thinning
features of metal-1 step coverage in BPSG via cuts to poly and Si contacts,
which vary from 0.16 um to 0.26 um, as shown in Figures 8d, 9d, 10a, 11d and
12d. FPGA cell with programmed (fused) poly through oxide/nitride/oxide (ONO)
dielectric to Si is identified in Figures 10c and 10d.

3) Figures 6a through 7d show laterally exposed MOS-transistor cells with thin
nitride film over poly gate patterns, field oxide and FPGA cells with
programmable poly (after removal of two-level metal interconnections and
interlevel dielectrics). Exposed contact patterns to poly and Si are outlined

in thin nitride, and show good alignment to poly and in active areas of
Si-cells.

CONCLUSIONS

Evaluation results of the Actel FPGA 21280B 1.2 um Si-chip show evidence of metal-2
thinning in via step coverage to metal-1 contacts, and over unplanarized steps of
intrametal dielectrics (SOG and LTO) above metal-1 contacts. Metal-2 nominal thickness of
1.1 um is reduced to 0.2 um, as shown in Figures 8d, 9a and 9d.

. Metal-1 thin step coverage is evidenced in BPSG aperture cuts to poly and Si
contacts, from nominal 0.75 um metal thickness to 0.15 um, as shown in Figures
8d, 9d, 10a, 11d and 12d.

L] The thickness quality of metal-2 and metal-1 step coverage does not meet
acceptance criteria of MIL-STD-883C. However, reliability data calculations
for current density requirements might pass this metal step coverage in
contact vias according to MIL-STD-38510, as calculated by Mike Sandor of JPL
(Ref: JPL IOM 514-F-038-92, Calculation of Current Density for Actel 2.0 um
and 1.2 um FPGA Technology).

] The FPGA 21280B 1.2 um Si chip is a fairly new product technology, just over a
year old, and the reliability database is still evolving and minimal on this
product line. For the electrical and environmental functionality of this FPGA
device, see the manufacturer's data sheets, attached. For additional
information, contact M. Davarpanah, JPL component specialist.

PROCEDURE

The evaluation was performed on two Si-chips in accordance with MIL-STD-883C,
Methods for Microcircuits (where applicable). One Si-chip was backscribed and cleaved
into four segments. Two chip segments were used for lateral selective exposure and
removal of chip materials levels. The other two chip segments were prepared as cross-
sectioned samples and examined for definition and identification of chip materials layers
on 5i, their interface integrity and thickness dimensions (see Table I).

A second Si-chip was used for lateral exposure of materials without